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THE SYNTHESIS OF COZYMASE AND OF FACTOR V 
FROM NICOTINIC ACID BY THE HUMAN ERYTHRO- 
CYTE IN VITRO AND IN VIVO 
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(From the Departments of Physiology and Pharmacology and of Biochemistry, 
Duke University School of Medicine, Durham, North Carolina) 


(Received for publication, April 10, 1939) 


It has been shown that the factor V! content of the human 
erythrocyte increases after the administration of nicotinic acid 
(4,5). It is known that diphosphopyridine nucleotide (cozymase, 
eoenzyme 1) or triphosphopyridine nucleotide (coenzyme IT) 
can serve as factor V (6). Von Euler and Nilsson (7) first studied 
the cozymase content of the human erythrocyte. Warburg and 
Christian (8) isolated both coenzymes from horse erythrocytes, 
and proved that nicotinic acid is an essential component of both. 

The object of the present work is to demonstrate the synthesis 
of factor V from nicotinic acid by the human erythrocyte in vitro 
as well as in vivo, and to present evidence that a fraction of the 
material thus synthesized is cozymase. 


Methods 


Factor V— The factor V content of the erythrocytes was assayed 
by the method previously described (4) with use of Hemophilus 
parainfluenze. In order to obtain greater growth, the culture 
medium was made up to contain 0.1 per cent sucrose and 0.04 


per cent fumarate. The assays, previously reported in arbitrary . 


units, are given in cozymase equivalents, 1 equivalent signifying 
that the corpuscles, per ml., have the same growth-promoting 
power as | microgram of cozymase. 

Coenzymes—The concentration of the coenzymes was esti- 


' Factor V is that factor which is necessary and sufficient for the culti- 
ration of Hemophilus parainfluenze (1) and which plus factor X allows 
the cultivation of Hemophilus influenzex (2, 3). 
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mated by measuring manometrically the rate of oxidation of lac- 
tate and of glucose by the corpuscles in the presence of methylene 
blue, which serves as an autoxidizable carrier (9). The lactate 
oxidation is mediated by cozymase (10, 11), the glucose by co- 
enzyme II (12, 13). The application of such a test is subject to 
three limitations. First, it may give an ambiguous answer. The 
sensitivity of the rate of oxidation to changes in the coenzyme 
concentration depends upon the extent to which the coenzyme is 
a limiting factor. If the coenzyme concentration is small rela- 
tive to the other substances involved, the sensitivity will be great. 
However, if the concentration is relatively large, a further in- 
crease might cause no measurable increase in the rate of oxidation 
(e.g., Green (14), Fig. 5). Secondly, the results are qualitative 
rather than quantitative, since it is not possible to “calibrate’’ 
the corpuscles. Thirdly, the assumption must be made that only 
when nicotinic acid is in the form of coenzyme can it increase the 
rate of oxidation. In the case of our experiments, this is equiva- 
lent to assuming that nicotinic acid will not alter the internal 
milieu of the corpuscles so as to favor the rate of oxidation, nor | 
will it cause a synthesis of enzyme (dehydrogenase). 
Methemoglobin—In the calculation of the rate of oxidation, the 
amount of methemoglobin formed during the experiment must 
be known. The concentration of methemoglobin depends upon 
the difference between its rate of formation by methylene blue 
(15) and the rate of its reduction by the enzyme-substrate sys- 
tem (16). The methemoglobin was determined from the differ- 
ence between the initial and final amounts of oxyhemoglobin. 


Procedure 

Blood obtained by venipuncture was defibrinated with glass 
beads and centrifuged; the serum was discarded. The cells were 
washed once with Ringer-phosphate solution, pH 7.4, and then 
resuspended so as to give a hematocrit of 30 to 35 per cent. No 
factor V was lost by this procedure. The rate of oxidation was 
measured in the usual Warburg apparatus. ‘The well of each ves- 
sel contained 1.4 ml. of cell suspension and 0.4 ml. of Ringer- 
phosphate solution or substrate. The substrate was either 
glucose (1 gm. per 100 ml. of Ringer-phosphate) or 0.24 m dl- 
lactate, pH 7.4. The side arm contained 0.5 ml. of approximately 
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saturated Kgke(CN), plus a few mg. of saponin. ‘The inset 
contained alkali. All vessels were made up in duplicate. After 
the contents had stood 15 minutes for the substrate to penetrate 
the cells, 0.5 mg. of methylene blue in 0.2 ml. of Ringer-phosphate 
solution was added. 20 minutes later the vessels were placed in 
the water bath at 37.5°. 10 minutes after immersion, the initial 
manometer readings were made, and ferricyanide was tipped in 
the duplicate set of vessels to determine initial oxyhemoglobin. 
The final readings were made 100 minutes later, after which ferri- 
eyanide was added to determine final oxyhemoglobin. Initial 
minus final oryhemoglobin times 0.75 equals methemoglobin. 


TABLE | 
Protocol Illustrating Calculation of Results 


All values are in microliters of OQ, per ml. of cells. Rates are calculated 
for 100 minutes. + indicates that gas was evolved; —, that gas was 
absorbed. 


Substrate added Control Glucose Lactate 

Oxidation rate, uncorrected........ +51 —330 —95 
Oxygen capacity, initial........... 384 | 369 368 
170 | 384. 306 

difference........ —214 +15 —62 
Methemoglobin correction... —161 +11 —47 
Oxidation rate, corrected....... —319 — 142 


Net tactate rate............ — 32 


The protocol in Table I illustrates the data obtained. ‘The 
necessity of the methemoglobin correction in the case of lactate 
is obvious. The protocol also shows that the control oxidation 
was appreciable, most likely because the washing was not sufh- 
cient to remove all glucose from the corpuscles. The net rate of 
oxidation of lactate, therefore, has been calculated; 2z.e., corrected 
lactate minus corrected control. Only the net lactate rate will 
be considered below. The net glucose rate will not be considered; 
its use, however, would not change the conclusions reached. 

Various control experiments were performed, with the fol- 
lowing results for the.usual 100 minute period. Nicotinic acid 
in the presence or absence of methylene blue did not affect the 
rate of oxidation of glucose or lactate. In the absence of 
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methylene blue, in the presence or absence of cells, the glucose 
and lactate oxidations were insignificant. It was also found that 
xanthine, d/-alanine, fumarate, and succinate were not oxidized, 
even in the presence of methylene blue. 


Results 


Synthesis wn Vivo—The effect of the oral administration of 
nicotinic acid upon the rate of oxidation of lactate and of glucose 
by erythrocytes is shown by Figs. 1 and 2. The change in the 
concentration of factor V is given for comparison. Figs. 1 and 
2 show that the administration of nicotinic acid was followed by 
(a) an increase in factor V, (6) an increased rate of oxidation of 
lactate, and (c) no change in the rate of oxidation of glucose 
that could be related to the administration of the acid. When 
nicotinic acid was discontinued, factor V and the rate of oxidation 
of lactate returned to the original levels. 

The increased rate of oxidation of lactate indicates that the 
concentration of cozymase in the erythrocytes was increased by 
the administration of nicotinic acid. On the other hand, the nega- 
tive result obtained with glucose is ambiguous. The reasons for 
this were considered under ‘‘Methods.” 

The relation between factor V and the rate of oxidation of 
lactate is not entirely simple. The curves for M. D., Fig. 2, 
show that the rate of oxidation of lactate ceased to follow the 
factor V level when the latter was above 130 cozymase equiva- 
lents. In the case of H. K., Fig. 1, the factor V level approached 
130 equivalents on the 38th day, and was accompanied by a de- 
crease in the rate of oxidation of lactate. The latter was still 
well above the control level. 

It is of interest that the pellagrin 8. 8., Fig. 2, had a factor V 
assay and glucose and lactate oxidation rates which were not 
very different from those of the normal subject H. Kk., Fig. 1. 
Furthermore, the behavior of the pellagrin following the adminis- 
tration of a dose of nicotinic acid was not obviously different 
from that of the normal. 

The data in Fig. 1 are for H. K., a healthy white male, age 29 years, 
weight 69 kilos, height 179 em. Nicotinic acid dissolved in water was 


taken after meals. The dosage was begun on the 7th day, the total amount 
taken up to the end of each day being as follows: 7th day 300 mg., Sth day 
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1200 mg., 9th day 1800 mg., 10th day 2400 mg. During this period, and fora 
day or so thereafter, factor V and lactate oxidation increased, while glucose 
oxidation remained practically constant. The acid was discontinued after 
the 10th day to allow factor V and lactate oxidation to return to normal. 
The dosage was resumed on the 30th day: 30th day 600 mg., 31st day 1100 
mg., 32nd day 1500 mg., 33rd day 1800 mg., 34th day 1800 mg., 35th day 
2050 mg., 36th day 3600 mg., 37th day 3000 mg. Again the factor V and 
lactate oxidation rose, falling subsequently when the dosage was dis- 
continued. 
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ia. 1. Glucose oxidation (Curve G), lactate (Curve L), and factor V 
assay (Curve V) for subject H. K. The solid symbols limit the periods 
during which nicotinic acid was taken. For precise dosage see the text. 


Subject M. D., whose data are presented in Fig. 2, was a white woman, 
age 29 years, weight 49.3 kilos, height 157 em. Since 1935 she has suffered 
from a type of generalized osteomalacia resembling that which accompanies 
disuse. In December, 1938, she was advised to take nicotinic acid daily, 
as the factor V assay was less than 50 per cent of the normal. In February, 
1939, her faetor V assay was about 300 per cent of the normal. Nicotinic 
acid was discontinued, and the assay dropped, as shown in Fig. 2. The 
lactate oxidation also dropped, but the glucose remained relatively con- 
stant. When the assay was within the normal range, liver (Lederle) was 
given for 7 days, 30 v.s.p. units intramuscularly per day. Daily counts 
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showed no reticulocyte response. The hemoglobin was constant at 13.8 
gm. per 100 ml., and the erythrocyte count at 4 million. The liver did not 
affect the glucose oxidation; it may have stemmed the fall in lactate oxida- 
tion and in factor V. 

Subject S.S., a pellagrin, was called to our attention by Dr. D. T. Smith. 
He was a negro, age 65 years, weight 64 kilos, height 180 em. When ad- 
mitted, his skin was loose and dry. His tongue was moderately reddened, 
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Fic. 2. Glucose oxidation (Curve G), lactate (Curve L), and factor V 
assay (Curve V) for subjects M. D. and 8.8. The solid symbols limit the 
periods during which nicotinic acid was taken. M. D. took nicotinic acid 
in a period previous to that plotted. The arrows indicate a period of 
liver administration. For precise dosage see the text. 


and he suffered from diarrhea. He was also psychotic. His past history 
included mention of sore gums and loose teeth. The impression was that 
in addition to pellagra he suffered from other deficiencies of the vitamin B 
complex. The data in Fig. 2, at 24 and 25 days, show his factor V to be a 
little low, but there is no striking contrast with the normal. After 500 mg. 
of nicotinic acid per day on the 25th and 26th days, lactate and factor V 
rose (tested on the 27th day), then subsequently declined, while the glucose 
oxidation acted without relation to the dosage. 
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Comparison of Effects of Laver Extract and Nicotinic Acid 
The administration of liver extract in cases of pernicious anemia, 
or of secondary anemia with a reactive bone marrow, is followed 
by an increased oxidation of glucose by the red blood cells (17-19). 
The increase is due principally to the release of reticulocytes, 
which have a high rate of respiration, and not to the direct ac- 
tion of liver on the circulating cells. The curves for M. D., 
Fig. 2, show that a period of liver therapy had no effect on the 
glucose oxidation, although it may have stemmed the fall in the 
factor V assay. ‘This is explained by the fact that M. D. showed 
no reticulocyte response. In contrast to liver, nicotinie acid 
directly affects the circulating erythrocytes, as will be demon- 
strated in the next section. 

Synthesis in Vitro —The in vitro experiments were carried out 
with sterile technique. Fresh, defibrinated blood was incubated 
in tightly stoppered flasks, or tubes, for 18 to 24 hours at 29-35°. 
The solutions added to these were approximately-isotonie and at 
pH 7.4. After incubation, during which little or no hemolysis 
occurred, the assays were performed in the usual manner. 

In general, it was found that incubation of blood with nicotinic 
acid increased the factor V content of the erythrocytes and the 
rate of oxidation of lactate. The glucose oxidation, however, 
fell markedly and was not affected by the presence of nicotinic 
acid. In addition, it was noted that the synthetic reactions 
depended upon the initial level of factor V and lactate oxidation. 
When the level was normal, synthesis occurred, but there was no 
synthesis when it was high. 

Table II presents the data showing that blood of normal assay 
synthesizes cozymase and factor V from nicotinic acid in vitro. 
As in the experiments in vivo, however, the relation between 
factor V and cozymase is not simple. Thus, raising the nicotinic 
acid concentration from 10 to 20 mg. per cent increased the lac- 
tate oxidation 70 per cent without affecting the factor V assay. 
A case somewhat the reverse of this was noted in vivo in Fig. | 
on the 35th to 37th days, when the lactate oxidation decreased 
while the factor V assay was increasing. 

The addition of a solution containing, per 5 ml. of blood, 2.2 
mg. of d-ribose, 2.7 mg. of muscle adenylic acid (neutralized), and 
0.05 ml. of 2.3 per cent phosphate buffer, pH 7.4, in a total vol- 


i 
i 
i 
| 
i 
¢ 
| 
| 
| 
| 
| | 
| 


Synthesis of Cozymase and actor V 


ume of 0.37 ml. did not further the syntheses. That nicotinic 
acid was the principal limiting factor under the conditions of these 


TABLE II 
Effect of Incubation with Nicotinic Acid upon Erythrocytes of Normal Assay 
Blood, drawn from H. K. on the 30th day, Fig. 1, was immediately 
defibrinated and incubated at 30-35°. After incubation, the cells were 
assayed as usual. 


= Concen- Period Factor V Rate of oxidation at 37.5°, 100 min. 
Tube tration of of 
No. nicotinic incuba- 
acid tion Assay — Increase Glucose Lactate 
microliters microliters 
mg. per equirva- per cent per cent 
100 mil. lents* I tncrease increase 
l () 323 27 
2 18 55 0) Qs () 28 
3 10 18 109 100 70 — 30 69 145 
4 20 22 100 S85 7 210 


* 1 equivalent = activity equal to that of 1 microgram of cozymase per 
ml. of corpuscles. 


TABLE III 
Effect of Incubation with Nicotinic Acid upon Erythrocytes of High Assay 
Blood, drawn from H. Kk. on the 38th day, Fig. 1, was immediately 
defibrinated and incubated at 30-35°. After 20 hours, the cells were tested 
in the usual manner. 


Lactate oxida- 


Source of erythrocytes tested Factor V tion at 37.5°, 
100 min. 

Fresh blood 124 82 
Ineubated blood 100 75 
3 ‘* containing 20 mg. of nicotinic OS 54 

acid per 100 ml. 
Fresh blood drawn at conclusion of incubation Q7 


* 1 equivalent = activity equal to that of 1 microgram of cozymase per 
ml. of corpuscles. 


experiments might have been expected, as free adenylic acid has 
been isolated from horse and pig corpuscles (12, 20). 

The amount of nicotinic acid synthesized into factor V can be 
estimated approximately by assuming that all factor V is cozy- 
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mase which contains 18 per cent of nicotinic acid. Jn vitro, 
10 ml. of blood (hematocrit of 48 per cent) containing 1 mg. of 
acid converted about 80 micrograms, or 8 per cent. In vivo, 
H. Kk. utilized about 35 mg., or 1.5 per cent, after ingesting 2400 
mg. of acid. 

Results differing from the foregoing were obtained when blood 
of high assay was incubated. The data in Table III were ob- 
tained with blood drawn after a period of nicotinic acid adminis- 
tration, when, as shown by Fig. 1, 35th to 38th days, both factor 
V content and rate of lactate oxidation were high, though the 
latter was declining from its peak. Table III shows that incu- 
bation with nicotimie acid did not lead to a synthesis of factor V 
or of cozymase in these cells. Incubation was accompanied by a 
decrease in factor Vo which was equal to that occurring simul- 
taneously vivo. 


DISCUSSION 


The experiments show that the human erythrocyte can syn- 
thesize factor V from nicotime acid in vitro as well as in vivo. 
In this it differs from that of the dog, which lacks such synthetic 
ability (21, 22). Accompanying the increase in factor V there is 
an increase in the rate of oxidation of lactic acid, a reaction medi- 
ated by cozymase. Since, in addition, cozymase is one of the 
two substances known to serve as factor V, it would seem reason- 
able to conclude that its synthesis from micotinie acid has oc- 
curred. 

Changes in the concentration of cozymase, however, cannot 
account for all of the changes in factor V, since, for example, 
factor Vo can increase while the rate of lactate oxidation is de- 
creasing. Such a difference could be accounted for by appropriate 
changes in the concentration of coenzyme II. This possibility 
is not excluded by the negative result with glucose, as this is 
ambiguous unless coenzyme II was known to be a limiting factor. 
It is also possible that other compounds containing nicotinic 
acid can serve as factor V. 

The presence of nicotinic acid, however, does not induce syn- 
thesis in cells whose factor V assay is high. Apparently nicotinic 
acid is no longer the limiting factor in this case, other materials 
necessary for the synthesis having been exhausted. 
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The establishment of the syntheses in vifro provides a basis 
for understanding the changes in blood following nicotinic acid 
administration. The acid slowly penetrates the cells,? where it 
is converted into factor V. The extent of the synthesis and its 
maintenance over a period of time depend largely upon the nico- 
tinic acid concentration in the plasma; when this falls, the incre- 
ment disappears. No factor V is found in the plasma, because it 
is destroyed there by an enzyme which we are now investigating. 
The stability of the basal level of factor V in normals and pella- 
grins, however, remains to be explained (4). 


SUMMARY 


The synthesis of factor V from nicotinic acid by human erythro- 
cytes has been demonstrated in vitro as well as in vivo. Thus 
far only cozymase (coenzyme I) and Warburg’s coenzyme (co- 
enzyme II) have been shown to possess factor V activity. Ac- 
companying this synthesis, there is an increase in the rate of oxi- 
dation of lactate by the corpuscles (in the presence of methylene 
blue). This indicates that a part of the factor V increase can be 
accounted for by a synthesis of cozymase, since the latter is 
involved in the oxidation of lactate. The synthesis is limited 
ordinarily by the presence or absence of nicotinic acid, defibrinated 
blood containing all else that is necessary. 
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GLUTAMIC ACID IN MALIGNANT TUMORS 


By SAMUEL GRAFF 


(From the Department of Obstetrics and Gynecology, College of Physicians 
and Surgeons, Columbia University, New York) 


(Received for publication, June 21, 1939) 


The ultimate solution of the problem of cancer will probably 
involve the recognition of specific chemical differences between the 
modes of development of normal and of neoplastic cellular tissues. 
The growth of a tissue comprises the synthesis of protein from the 
natural amino acids. It has in the past few years become amply 
clear that all amino acids occurring in proteins have the same 
“natural” steric configuration, and that all proteins on hydrolysis 
vield only the /-amino aeids (with allowance for any racemiza- 
tion! that may have been brought about by the hydrolytie agent). 

In a recent article on the etiology of malignant tumors Kég] 
and Erxleben (1) report the presence of ‘‘unnatural’’ amino acids, 
notably glutamic acid, in the products of hydrolysis of malignant 
tumors. Glutamic acid mixtures containing as high as 44.5 per 
cent of the d(—) (7.e. 89 per cent of the dl) form were isolated 
from six malignant tumors, in contrast to which only the 1(+) 
form was obtained from six normal specimens of tissue and one 
uterine myoma. 

This article communicates our complete failure to confirm 
these findings of Kégl and Erxleben. In a series of six malignant 
tumors we have found only /(+-)-glutamie acid. 

Kogl and Erxleben isolated glutamic acid directly as_ the 
hydrochloride from either the whole hydrolysate or from the 
fraction remaining after butyl alcohol extraction; whereas our 
isolations of glutamic acid hydrochloride were from the dicarbox- 
ylic acid fraction prepared by precipitation of the barium salts 
with aleohol. It is not likely that our failure to find dl-glutamic 
acid is due to this difference in procedure, for Foster? has isolated 


! Notably in the case of cystine and serine. 
2? Dr. G. L. Foster, personal communication. 
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dl-glutamic acid through the barium salt in good yield from pro- 
tein hydrolysates racemized by treatment with ketene (2). 

It is difficult to understand Kogl and Erxleben’s criterion of 
recrystallization to constant optical rotation. Aecording to 
experiments by Foster, here reported, mixtures containing as 
much as 87 per cent of dl-glutamiec acid hydrochloride yield on 
recrystallization no fraction with constant specific rotation until 
the pure 1 form is obtained. In view of this finding the possibil- 
ity existed that on purifying the glutamic acid from the tumors a 
fractionation occurred whereby the d isomer concentrated in the 
mother liquors. Dr. David Shemin has kindly placed at our 
disposal the results of some experiments pertinent to this point. 
He isolated glutamic acid [a], = +31.2° from the hydrolysate of 
a Rous sarcoma; upon concentration of the mother liquors he 
obtained a second crop which after only one reerystallization 
gave la], = +30.6°. 


EXPERIMENTAL 


‘The specimens were hydrolyzed in constant boiling HCI for 
10 hours, the dicarboxylic acids separated as the aleohol-insoluble 
barium salts, and the glutamic acid isolated as the hydrochloride 
after quantitative removal of barium. The hydrochloride was 
recrystallized twice from 20 per cent HCl and dried in vacuo. 
The yields varied from 60 to 120 mg. per gm. of protein. 
A weighed sample of the hydrochloride was dissolved in 6 per cent 
HCl for measurement of the optical rotation. fal, was computed 
for the free amino acid. For 1(+)-glutamic acid [a], is about 
+31° to +32° under these conditions. Suitable aliquots of the 
same solution were taken for nitrogen estimation by Kjeldahl 
analysis; C;H,O,N-HCl contains 7.62 per cent N. 

Walker Rat Carcinoma No. 256-—This is a vigorously growing, 
transplanted tumor containing a comparatively slight amount of 
stroma and showing very little necrosis. The fresh specimen was 
minced, washed three times with 10 per cent trichloroacetic acid 
followed by alcohol and ether, and hydrolyzed. 

The glutamic acid hydrochloride contained 7.63 per cent N. 
In 6 per cent HCI, 206.2 mg. made up to 3 cc. gave an observed 
rotation of +1.75° in a 1 dm. tube. Whence [a], = +31.5° for 
the free amino acid. 
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Crocker Rat Sarcoma No. 8—This is one of the slowly growing 
less vigorous transplanted tumors showing very little necrosis. 
This specimen was not washed before hydrolysis. The glutamic 
acid hydrochloride (7.64 per cent N) showed [a], = +31.8° for the 
free amino acid in 6 per cent HCl. 

Crocker Mouse Sarcoma No. 180-—This is perhaps the most vig- 
orously growing transplanted tumor. It shows some necrosis. 
The specimen was not washed before hydrolysis. The glutamic 
acid hydrochloride (7.60 per cent N) showed [a], = +31.8° for 
the free amino acid in 6 per cent HCl. 

Flexner-J obling Rat Carcitnoma— This 1s a fairly vigorously grow- 
ing tumor with a moderate degree of necrosis. This specimen 
was not washed before hydrolysis. The glutamic acid hydro- 
chloride (7.64 per cent N) showed [a], = +32.0° for the free 
amino acid in 6 per cent HCL. 

Ovarian Carcinoma (Human). Specimen 1—This specimen was 
an adenocarcinoma showing sarcomatous changes and but little 
necrosis. ‘The specimen had been fixed in formalin, but was 
nevertheless included in this series, since Kégl and Erxleben offer 
data on two human ovarian carcinomas. The possibility that 
formalin treatment could convert any racemic to the l com- 
pounds need not be considered. ‘The specimen was washed with 
trichloroacetic acid, alcohol, and ether before hydrolysis. The 
glutamic acid hydrochloride (7.62 per cent N) showed [al, = 
+31.6° for the free amino acid in 6 per cent HCl. 

Specimen 2-—-This adenocarcinoma was a fresh specimen show- 
ing considerable necrosis. It was metastatic from the uterus. 
K6gl and Erxleben extracted their specimens with 0.6 per cent 
NaCl and dehydrated both extract and residue with aleohol, 
hydrolyzing each fraction separately. In the majority of their 
experiments they united the hydrolysate of the extracted mate- 
rial with the hydrolysate of the residue. Although the purpose 
of this particular procedure was not apparent to us, we extracted 
this specimen in a similar manner, but we worked up the hydrol- 
ysates of the extract and residue separately. 90 gm. of fresh 
tissue were hashed and shaken with 5 volumes of 0.9 per cent 
NaCl, and after 24 hours in the cold the mixture was filtered. 
(The viscous mixture took 3 days to filter in the refrigerator.) 
5 volumes of 95 per cent alcohol were added to the filtrate, and 
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the resulting precipitate collected by centrifugation. After 
further washing with alcohol and ether, the product, weigh- 
ing about | gm., was hydrolyzed. The glutamic acid hydro- 
chloride (7.55 per cent N) showed [fa], = +31.3° for the free 
amino acid in 6 per cent HCl. | 

The residue from the NaCl extract weighing 13 gm. after de- 
hydration with alcohol and ether was also hydrolyzed and worked 
up. The glutamic acid hydrochloride (7.61 per cent N) showed 
la|p = +31.3° for the free amino acid in 6 per cent HCL. 

Rous Sarcoma (Dr. Shemin’s Data)——The dicarboxylic acids were 
removed from the HCI hydrolysate as the alcohol-insoluble barium 
salts, and the hydrochloride obtained in the usual manner and 
recrystallized twice. The glutamie acid hydrochloride (7.67 
per cent N) showed [a], = +31.2° for the free amino acid in 8.5 
per cent HCI. 

A second crop was obtained on concentration of the mother 
liquors from the above. After one recrystallization it contained 
7.65 per cent N and showed [a], = +30.6° for the free amino acid 
in 8.5 per cent HCI. 

Recrystallization of Glutamic Acid Hydrochloride (Dr. Foster's 
Data). Experiment 1--The starting material was a dl,/ mixture 
which had [a], = +4.06° in 4 per cent HCl and therefore contained 
87 per cent dl- and 13 per cent -glutamie acid. 

4.8 gm. of this mixture were dissolved in 15 mil. of 20 per cent 
HCl; on cooling, 2.82 gm. were recovered, having ja], = +8.35° 
for the free amino acid in 4 per cent HCI. 

2.45 gm. of this preparation were dissolved in 8 mil. of 20 per 
cent HCI; on cooling, 1.4 gm. were recovered, having {a}, = + 12.2° 
in 4 per cent HCl. 

Experiment 2——The starting material was a d/,/ mixture which 
had [a], = +8.14° in 4 per cent HCl and therefore contained 74 
per cent dl- and 26 per cent /-glutamic acid. 

After the first reerystallization [a], = +12.1°; after the second 
+23.1°; after the third +31.7°. 

Experiment 3—The starting material was a d/,l mixture which 
had [a], = +20.4° in 4 per cent HCl and therefore contained 33.5 
per cent dl- and 66.5 per cent /-glutamie acid. 

0.964 gm. was dissolved in 5 ml. of 20 per cent HCI; on cooling, 
0.85 gm. was recovered having [a]) = +21.8° in 4 per cent HCl. 
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0.840 gm. on recrystallization yielded 0.55 gm. having [a], = 
+ 29.5°. 

0.55 gm. on recrystallization yielded 0.48 gm. having [a], = 
+31.0°. 


We wish to thank Dr. C. D. Haagensen of the Department of 
Surgery and Dr. M. H. MeClintie of the Department of Obstetrics 
and Gynecology for the material used in this investigation. We 
are also indebted to Dr. G. L. Foster of the Department of Bio- 
chemistry and to Dr. David Shemin of the Department of Pathol- 
ogy of this School for permission to quote their unpublished data 
as well as for their helpful advice. 


SUMMARY 


I(-+)-Glutamic acid was isolated from six malignant tumors. 
No racemic glutamic acid was found in them. 


Addendum— Results essentially the same as the above have very re- 
cently been obtained by Chibnall and colleagues (3). 

The foregoing report was submitted in manuscript to Professor kKégl, 
who in reply suggests that the greater solubility of dl-glutamic acid, in the 
form of its barium salt as well as the hydrochloride (which he has shown 
to possess twice the solubility of that of the /-hydrochloride), may explain 
the author’s failure to detect the presence of the racemic variety. In 
notes which will appear in ‘‘Nature’’ and in ‘‘Naturwissenschaften’’, Kégl 
and Erxleben describe the isolation of pure d(—)-glutamiec acid from 
partially racemic glutamic acid (obtained from Brown-Pearce tumors) 
from which the levo isomer had been removed by means of fermenting 
veast. 

Experiments bearing on some of these points are in progress in the 
author's laboratory. 
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ON THE PROTEOLYTIC ENZYMES OF ANIMAL 
TISSUES 


I. BEEF SPLEEN 


By JOSEPH 8S. FRUTON ann MAX BERGMANN 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 21, 1939) 


A few years ago it was demonstrated that proteolytic enzymes 
synthesize and hydrolyze peptide linkages under the same general 
conditions. It was concluded that, 7n vive, processes of protein 
synthesis and protein hydrolysis may occur simultaneously (1). 
The hypothesis was advanced that the pattern of the proteins 
in normal and pathological tissues may be decisively influenced 
by the specificity of the enzymes that perform the synthesis of 
these proteins. From this point of view, the knowledge of the 
specificity of the proteolytic enzymes of various animal and plant 
tissues 1s an indispensable prerequisite for the understanding of 
the genesis of the various proteins. 

Numerous investigators (2) have already studied tissue pro- 
teases and attempted to characterize them by means of their pH 
optima, their activation and inhibition behavior, and their action 
on proteins and a few peptides. On the basis of these tests the 
proteases of the individual tissues were assigned to the peptidases 
or the proteinases (tryptases, pepsinases, and papainases). How- 
ever, the application of these criteria has been hampered by the 
fact that the proteins, which were the only available substrates 
for proteinases, contain a great variety of peptide linkages and 
therefore do not permit clear cut specificity experiments. As a 
result, much of our present day information regarding tissue 
proteinases rests on an experimental basis which precludes 
unambiguous interpretations. 

During recent years it has been shown that the enzymatic 
action of characteristic proteinases such as crystalline pepsin, 
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crystalline trypsin, crystalline chymotrypsin, papain, and bromelin 
is not restricted to the splitting of peptide linkages in proteins 
of high molecular weight (3-7). These proteinases also hydrolyze 
peptide linkages in suitably constructed peptides and peptide 
derivatives. <A great variety of such simple substrates have been 
synthesized in this laboratory and have given valuable infor- 
mation regarding the specificity of the above proteinases. It is 
now intended to apply these simple synthetic substrates toa closer 
study of the proteolytic activity of animal tissues.!. The present 
communication deals with the investigation of an enzyme prepara- 
tion obtained from beef spleen extracts by fractional precipita- 
tion with ammonium sulfate. 

This crude enzyme preparation rapidly hydrolyzes a number of 
peptides which contain tyrosine (or phenylalanine) and glutamic 
acid—-such as, glycyl-l-glu- 
tamyl-l-tyrosine, and others (Table I). The splitting of carbo- 
benzoxyglutamyltyrosine occurs optimally near pH 5 at the 
linkage between the glutamyl and tyrosine residues (cf. Fig. 1). 

The splitting of these substrates proceeds with measurable 
rapidity in the absence of added activators. In the case of 
carbobenzoxygiutamyltyrosine, the addition of cysteine does not 
significantly increase the rate of splitting. However, for the 
majority of these substrates, the addition of cysteine results in 
an accelerated hydrolysis. The hydrolysis of carbobenzoxyglu- 
tamyltyrosine by the spleen enzyme preparation is not inhibited 
by the addition of iodoacetic acid (cf. Table III). The enzyme 
preparation fails to hydrolyze chloroacetyl-l-tyrosine at pH 5.1 
and 7.8, thus indicating that the preparation obtained from 
beef spleen contains no carboxypeptidase of the type of the 
pancreatic carboxypeptidase. 

It will be noted that the substrates reported in Table I have 
recently (3) been found to be hydrolyzed specifically by crystal- 
line swine pepsin at pH 4.0. Pepsin, as well as the spleen enzyme 
preparation, hydrolyzes the linkage between the glutamyl and 
tyrosine residues. It would seem, therefore, that one component 
of the proteolytic system of beef spleen bears striking resemblance 


1 Earlier experiments in which synthetic substrates were subjected to 
the action of glycerol extracts of swine liver have been reported (7). 
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in specificity to pepsin. The rate of hydrolysis of carboben- 
zoxyglutamyltyrosine by the beef spleen preparation (0.25 mg. 
of protein nitrogen per ce.) is much more rapid than that produced 
by crystalline pepsin (1 mg. of protein nitrogen per ce.). It is of 
interest to mention that Kleinmann and Werr (8) and Anson (9) 
observed, in extracts of spleen and liver, the presence of a protein- 


TABLE | 


Behavior of Synthetic Substrates toward Beef Spleen Enzyme Preparation 


Hydrolysis 


Substrate Time 
ubstrate pH ‘Time No Cyst- Ae 
vator | thione a 
Carbobenzoxy-l-glutamyl-/-tyrosine 2 | 61 59 57 
4 | 65* 
24 | 49 t 
5.55 4; 25 | 44 
sine 24 55 
Carbobenzoxy-/-glutamyl-l-tyrosylgly- 2 | 40 
cine 4 9 | 5 
Chloroacetyl-/-tyrosine 5.1; 24 0 2 
7.8 24 3 
Carbobenzoxy-/l-glutamyl-/-phenylal- 5.0 64118 | 
anine 24 | 35 
Carbobenzoxy-l-glutamyl-d-phenylal- 4 l 5 


anine 12 l 3 


* Tyrosine crystals, found, 7.8 per cent NH.-N. 
+ Tyrosine crystals, found, 7.7 per cent NH2-N. 
t Tyrosine crystals, found, 7.8 per cent NH.-N. 


digesting enzyme which is active without the addition of activa- 
tors. 

There is another large group of substrates which is not ap- 
preciably affected by the spleen enzyme preparation, but on addi- 


* The question might be raised as to whether this pepsin-like enzyme is 
to be designated a proteinase or a peptidase. We are of the opinion that a 
rigid differentiation of these two classes of enzymes can no longer be main- 
tained. This question will be discussed in greater detail in a forthcoming 
publication. 
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tion of cysteine or glutathione undergoes a rapid hydrolysis 
(Table II). The pH dependence curves of two of these substrates 
show maxima in the region of pH 4.5 to 5.0 (Fig. 1). These 
substrates include di- and polypeptides, acylated peptides, and 


TABLE I] 


Behavior of Synthetic Substrates toward Beef Spleen Enzyme Preparation 


Hydrolysis 
Substrate pH Time No As- 
‘ Cyst- Gluta- 
eine thione 
vator acid 
Ars per per per per 


cent cent cent cent 


Benzoyl-l-arginineamide 4.7 54 57 3 
Benzoylglycineamide 1.3 24 Ss 43 
4.7; - 4 () 35 () 
24 104* 
Glycylglycine 24 6 4] 
3 79 
/-Leucineamide 5.2; 2 5 53 27 
/-Leueylglycine $6 4 5 34 18 
24 36 
i656 4 4 89 79 32 
Benzoylglycyl-l-leucylglycine 4 
Glycylglyeyl-l-leucylglycine 4 4 141* 40) 
i-Alanylglycylglycine (5 4 
Carbobenzoxy-l-isoglutamine 5.2, 2 7 53 
Carbobenzoxy-/-glutamylglycine 24 4 59 
acid 4.7 2 () 55 
5.0 4 37 
C'arbobenzoxyglycylsarcosine 4.5 12 3 7 
Carbobenzoxyglycyl-/-proline 4.4 12 2 7 


* 100 per cent hydrolysis corresponds to the complete splitting of one 
peptide bond. 


free and acylated amino acid amides. ‘These are, in general, the 
same types of substrates that are hydrolyzed by papain (10). 
However, the rates of hydrolysis of the individual substrates by 
papain and the enzyme preparation from spleen often do not paral- 
lel one another. Papain and the spleen enzyme preparation 
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which splits the substrates listed in Table II resemble each other 
in that they are both activated by cysteine and, after activation, 
are both inhibited by iodoacetic acid (Table II]). It would be 
premature to decide whether the hydrolysis of the substrates 
listed in Table II is performed by a single enzyme or by several 
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Fig. 1. pH dependence of hydrolysis of synthetic substrates by the beef 
spleen enzyme preparation. XX, carbobenzoxy-l-glutamyl-l-tyrosine (2 
hours, no activator); O, benzovyl-l-arginineamide (4 hours, cysteine used 
as activator); A, l-leucylglvevlglyvcine (2 hours, cysteine used as activator). 


enzymes. It may be pointed out, however, that the splitting of 
substrates such as benzoylglycineamide and benzoylarginine- 
amide cannot be attributed to the action of a peptidase as distinct 
from a proteinase.2 The fact may again be mentioned that no 
splitting of chloroacetyltyrosine at pH 5.1 is observed with the 
enzyme preparation from spleen either in the absence or the 
presence of cysteine. 
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It is of interest to note that carbobenzoxyglycylsarcosine, 
carbobenzoxyglycyl-l-proline (Table II), and  carbobenzoxy- 
l-glutamyl-d-phenylalanine (Table 1) are not appreciably hydro- 
lyzed by the spleen enzyme preparation either in the presence 
or the absence of cysteine. It appears, therefore, that the eysteine- 
activatable proteolytic activity requires the so called peptide 
hydrogen in its substrate and shows a definite antipodal selec- 
tivity. | 

By means of the substrates of Table II it was found that the 
activation by ascorbic acid, first observed for swine liver 
“cathepsin” by Karrer and Zehender (11) is strikingly different 


TABLE III 
Activation and Inhibition of Hydrolysis by Beef Spleen Enzyme Preparation 


H ydrol- 
ysi 


Substrate Reagent pH Time i 


hrs. percent 


Benzoyl-l-arginineamide None 4.8 4 0) 
Cysteine 4.7 4 54 

HCN 4.8 4 46 

(‘ysteine + 1odoacetic acid 4.3 4 5 

24 7 

lodoacetic acid 4.6 24 ] 

Carbobenzoxy-/-glutamyl-/- None 5.7| & 
tyrosine Cysteine 2) GI 
+ iodoacetic acid 5.5 2. 50 

lodoacetic acid 65 2); & 


from the activation by cysteine. While the splitting of many 
substrates by the spleen enzyme preparation is activated by cyst- 
eine, only those substrates having a free a-amino group were 
split more rapidly in the presence of ascorbic acid than in its 
absence. A substitution of the amino group by the carboben- 
zoxy residue suffices to prevent the activation by ascorbic acid. 
Thus, when compared with the activating action of cysteine, the 
action of ascorbic acid is characterized by a marked specificity. 
The possibility may be considered that the specific action of the 
ascorbic acid in this system involves a combination of the ascorbic 
acid with the substrate. An investigation is at present in progress 
to compare, with the aid of suitable substrates, the influence of 
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ascorbic acid and of cysteine on the specificity of the spleen enzyme 
preparation. 

There has been considerable discussion in the literature as to 
whether ‘‘eathepsin” requires activation by sulfhydryl groups for 
its activity (2, 9). The experiments reported in the present 
communication indicate the presence in spleen extracts of at 
least three types of proteolytic activity which behave differently 
toward sulfhydryl compounds and other activators. Thus, in 


TABLE IV 
Relative pH Stability of Component Activities of Beef Spleen 
Enzyme Preparation 

Varying amounts of | N acetic acid were added to the spleen enzyme 
solution to attain the pH values given in Column 1. After incubation for 
3 hours at 40°, the acidity was readjusted to about pH 5, and the enzyme 
activity was determined in the usual manner at the pH indicated in Column 
3. The time interval in the activity determinations was | hour. 


pH of 
enzyme Substrate pH Hydrolysis 
solution 
(1) (2) (3) (4) 
per cent 
5.5 Benzoyl-l-arginineamide 4.3 24 
Carbobenzoxy-l-glutamyl-/-tyrosine 5.2 36 
3.0 Benzoyl-l-arginineamide 4.6 
Carbobenzoxy-l-glutamyl-/-tyrosine 5.1 26 
3.6 Benzoyl-l-arginineamide 4.6 3 
Carbobenzoxy-l-glutamy|-/-tyrosine §.2 29 
3.8 Benzoyl-l-arginineamide 4.5 0) 
5.2 36 
4.1 Benzoyl]-l-arginineamide 4.3 
5.2 37 


addition to an enzymatic activity on carbobenzoxyglutamyltyro- 
sine without the addition of sulfhydryl compounds or other 
activators, there is an activity which, in the presence of cysteine, 
splits a large number of acylated peptides, amino acid amides, 
and peptides. Moreover, there is a third activity which, in the 
presence of ascorbic acid, hydrolyzes amino acid amides and 
peptides. The use of specific substrates of known structure has 
permitted a characterization of the component proteolytic activi- 
ties of spleen extracts and has provided the essential tools for the 
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isolation of these activities. Such isolation of proteolytic activi- 
ties Is necessary in order to establish whether each of these activi- 
ties corresponds to a separate enzymatic individual. There are 
indications that the activity which does not require an activator 
ix somewhat more stable at pH 3.5 to 4.0 than is the eysteine- 
activatable enzyme (Table IV). 

Preliminary experiments have already established the fact 
that the simultaneous occurrence of several types of proteolytic 
activity is not restricted to extracts of beef spleen. Enzyme 
preparations from beef kidney showed the same three types of 
activity as were found for the spleen extracts. 


EXPERIMENTAL 


Preparation of Beef Spleen Enzyme Preparation——Vhe procedure 
employed was a modification of Anson’s method (9). 

1900 gm. of ground beef spleen were stirred with 3800 ce. of ice 
water and 200 cc. of toluene for 2 hours. The mixture was allowed 
to stand overnight at 5° and was then filtered through gauze. The 
suspension (3900 ec.) was adjusted to pH 4 by the addition, with 
rapid stirring, of 190 ec. of N hydrochloric acid and 220 gm. of 
ammonium sulfate. On fiitration through fluted filters (Schleicher 
and Schill, No. 14503) a clear brown filtrate (2800 cc.) was 
obtained. 500 gm. of ammonium sulfate were added to this 
filtrate and the resulting precipitate was filtered off the next day 
with the aid of filter-cel. The clear yellow filtrate (3000 cc.) 
was adjusted to pH 7 by the addition of 100 ec. of N NaOH. 
675 gm. of ammonium sulfate were then added with stirring, and 
the resulting precipitate was allowed to settle. The clear super- 
natant was siphoned off and the remainder was filtered through 
hardened filter paper. The weight of the moist filter cake was 
12 gm. 

Stock enzyme solutions were prepared by dissolving 1 gm. of 
this material in 15 ec. of ice-cold water and dialyzing for 24 hours 
against 1 per cent sodium chloride. The enzyme solution was 
then made up to 25 ce. and usually contained about 1.3 mg. of 
protein nitrogen per ec. 0.2 ec. of this solution was employed 
per ec. of a test solution. Thus the enzyme concentration was 
approximately 0.25 mg. of protein nitrogen per cc. of a test 
solution. 
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Greneral Procedure in Experiments with Synthetic Substrates 


The concentration of the synthetic substrates in all cases was 
0.05 mm per ce. The solutions were buffered by 0.1 M citrate 
buffers. The pH of each experiment was checked by means of a 
glass electrode assembly (Young). The temperature in all cases 
was 40°. The extent of hydrolysis was followed by measuring the 
liberated carboxyl groups by the method of Grassmann and 
Heyde (12), and the amino groups were determined by means of 
the Van Slyke apparatus. 

In the experiments in which cysteine, glutathione, or ascorbic 
acid was employed as activator, these substances were present 
in a concentration of 0.004 mm per ce. of the test solution. 
HCN was employed in a concentration of 0.018 mM per ce. of the 
test solution. lJodoacetic acid was employed in concentrations 
of 8 X 10°-° mM per cc. of the test solution. 

The preparation of the synthetic substrates mentioned in this 
paper has been described in previous publications from. this 
laboratory. 
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THE CONFIGURATION OF GLUTAMIC AND ASPARTIC 
ACIDS FROM PATHOGENIC BACTERIA (PHYTOMONAS 
TUMEFACIENS AND CORYNEBACTERIUM DIPHTHERIZ)* 


By ERWIN CHARGAFF 


(From the Departments of Biological Chemistry and Surgery, College of 
Physicians and Surgeons, Columbia University, New York) 


(Received for publication, June 23, 1939) 


At present it is impossible to give a cogent chemical explanation 
for the virulence of bacteria. The ability of a particular micro- 
organism to invade, and to multiply in, the tissue of the host, the 
production of specific toxins by the microorganism, and its partic- 
ular antigenic pattern will obviously all have to be considered. 
The ability of the host to bring about rapid destruction of the 
invading bacteria and, to a lesser degree, the presence or absence 
of substances necessary for the growth of the bacteria probably 
are among the determining factors. 

The possibilities and limitations of a chemical consideration of 
virulence in the present state of our knowledge can perhaps best 
be exemplified in the case of the acid-fast bacilli of the tubercle 
bacillus group. R.J. Anderson and his associates have shown in a 
series of investigations that the lipid coat of these bacilli is com- 
posed of a great number of unusual and apparently specific al- 
cohols, fatty acids, carbohydrates, etc., some of which according 
to F. R. Sabin and collaborators are able to elicit tubercular tissue 
responses. Kraut and Burger (1) have demonstrated that these 
lipids are only slowly and incompletely attacked by body lipases. 
Qn the other hand, the lipid composition of the highly virulent 
bovine tubercle bacillus (2) and of the avirulent bacillus Calmette- 
(ruérin (BCG) (3) has been found to be quite similar. 

Some years ago it was pointed out (4) that the immunological 


*'This is Paper XI of a series on ‘The chemistry of bacteria.’’ This 
work has been supported by a grant from the John and Mary R. Markle 
foundation. 
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responses to antigens, at least in the case of pathogenic bacteria, 
did not have to be explained on the basis of the somewhat vague 
conceptions of “organ specificity’’ or “species specificity,’ but 
could be attributed to a structural specificity of these antigens, 
due to the presence in them of chemically well defined substances 
which in chemical structure were radically different from the com- 
ponents of the host organism. 

While the number of unusual fatty acids, alcohols, sugars, and 
pigments isolated from bacteria is very great, only one amino 
acid of “unnatural’’ configuration is mentioned in the literature, 
d(—)-glutamic acid, occurring in the capsule of the anthrax 
bacillus and in Bacillus mesentericus (5). It should, however, 
be pointed out that the optical configuration of amino acids of 
bacterial origin appears to have been determined in astonishingly 
few cases. As an instance investigations by Tamura may be 
cited in which the isolation of arginine, histidine, lysine, phenylal- 
anine, proline, valine from tubercle bacilli (6), and of arginine, 
histidine, lysine, tyrosine, leucine, isoleucine, proline, valine from 
diphtheria bacilli (7) 1s reported without any mention of optical 
data.! 

The remarkable finding of Kégl and Erxleben (10) who have iso- 
lated a number of “partly racemized” amino acids from malignant 
tumors appeared to extend a conception similar to the one of 
structural specificity cited above to the field of cancer tissue. 

The lack of data on the configuration of amino acids from patho- 
genic bacteria made a study of such compounds appear of value. 
The microorganisms examined were the diphtheria bacillus 
(Corynebacterium diphtherix) and Phytomonas tumefaciens. The 
latter organism which is responsible for the formation of plant 
tumors, the so called crown-galls, was of particular interest in 
connection with the report of Kégl and Erxleben (10). 

In the present study the monoaminodicarboxylic acids were 
investigated (a) because an inspection of the data of Kégl and 
Erxleben (10) showed that glutamic acid actually was the only 
amino acid from tumor tissue which appeared to contain signifi- 
cantly high amounts of the d(—) form, (b) because of the ease 
with which glutamic and aspartic acids can be purified even in 


' Some data on the amino acids of bactertai proteins will be found in 


references (8S) and (9). 
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small amounts, and (¢) because of the apparent key position 
of these amino acids in the biological transfer of amino groups 
(11-13). 

The tumefaciens bacteria were found to yield 1.6 per cent of 
their dry weight as glutamic acid and 2.8 per cent as aspartic 
acid. The diphtheria bacteria yielded 3.0 per cent of glutamic 
and 3.9 per cent of aspartic acids. Both amino acids had the normal 
l(+) configuration. No evidence was found for the presence of the 
d(—) forms with the method used. 


EXPERIMENTAL 


The material used consisted of the dry bacteria from which 
the lipids had been removed by extraction with alcohol and ether 
in the cold. (As to the extraction procedure employed, see (14) 
for the diphtheria bacteria and (15) for the tumefaciens bacteria.) 


Phytomonas tumefaciens 


The hydrolysis of the dry, defatted bacteria which contained 
10.4 per cent N-was carried out by heating 21.57 gm. of the 
material with 10 parts of 20 per cent HC] under a reflux for 20 
hours. After removal of the humin and concentration in vacuo 
the monoaminodicarboxylic acids were isolated by way of their 
Ba salts in accordance with the method of Jones and Moeller (16). 

The Ba salts were twice reprecipitated from their aqueous 
solution with aleohol, decomposed with HeSO,, and the solution 
was quantitatively freed from Ba and H.SO,. After saturation 
of the ice-cold, concentrated solution with gaseous HCl, 448.9 
mg. of crude glutamic acid hydrochloride were obtained, con- 
taining 7.2 per cent N and having [a]?! = +28.4°. Two re- 
erystallizations from small amounts of 20 per cent HCl yielded 
359.2 mg. of )-glutamic acid hydrochloride. 


Analysis —~—CsHsOQ,N-HCI (183.5). Caleulated, N 7.62; found, N 7.55 
Rotation (In HCl) [alp = +30.7° (calculated for free glutamic acid) 


The combined filtrates from the glutamic acid were concen- 
trated in vacuo, freed of HC] by means of AgoSO,, and after com- 
plete removal of the Ag and SO, ions the copper salt of aspartic 
acid was prepared according to Jones and Moeller (16). The 
copper salt, after drying in vacuo over POs, weighed 964.5 mg. 
and contained 6.6 per cent N (calculated with 1 molecule of 
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water, N 6.6), corresponding to 607 mg. of aspartic acid. No 
more copper salt was obtained from the concentrated mother 
liquor. 

The copper salt was decomposed in the customary manner and 
after two crystallizations from water 218.0 mg. of 1(+)-aspartie 
acid were obtained. 


Analysis—C,H;OQ4N (133.1). Caleulated, N 10.5; found, N 10.4 
Rotation—(In HCl) = +24.6° 


The filtrates from the aspartic acid yielded 80.0 mg. of impure 
l-aspartic acid (N 10.3 per cent, [a] = +21.2°). 

From the filtrate of the copper aspartate, after removal of the 
copper, no more glutamic acid hydrochloride could be obtained. 


Corynebacterium diphtherix 


The diphtheria bacteria which contained 11.1 per cent N were 
hydrolyzed by heating 20.0 gm. of the material with 200 cc. of 
20 per cent HCI for 30 hours. In the same manner, as described 
above, 787.2 mg. of crude glutamic acid hydrochloride were 
obtained (7.2 per cent N). The pure l(+)-glutamic acid hydro- 
chloride, prepared by crystallization from 20 per cent HCI, weighed 
694.8 mg. 


Analysis—Calculated, N 7.62; found, N 7.58 
Rotation—(In N HCl) [a]; = +30.6° (calculated for free glutamic acid) 


The copper aspartate, after drying over P.O;, weighed 1.2609 
gm. and contained 6.5 per cent N, corresponding to 781.4 mg. of 
aspartic acid. The pure l(+)-aspartic acid, obtained by crystal- 
lization from water, weighed 215.6 mg. 


Analysis—Caleulated, N 10.5; found, N 10.4 
Rotation—(In HCl) [alp = +23.8° 


Less pure aspartic acid weighing 235.6 mg. was obtained from 
the mother liquors (N 10.3 per cent, [a]; = +18.7°). 

The filtrate from the copper aspartate did not yield any more 
copper salt after concentration, nor could any additional glutamic 
acid hydrochloride be isolated after the removal of the copper. 


We are highly indebted to Parke, Davis and Company, Detroit, 
for the diphtheria bacteria used, to Dr. M. Levine, Montefiore 
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Hospital, New York, for the cultivation of the fmefaciens bacteria, 
and to Mr. B. Kress for assistance in the course of these ex- 
periments. 


SUMMARY 


Glutamic and aspartic acids were isolated from Phytomonas 
tumefaciens, the etiological agent of plant tumors, and from 
Corynebacterium diphtherixy The amino acids were found to 
have the normal /(+) configuration. 
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ESTROGENS WITH OXYGEN IN RING B 
I. 7-KETOESTRONE AND 7-HYDROXYESTRONE* 


By W. H. PEARLMAN anpb O. WINTERSTEINER 


(from the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, June 15, 1939) 


In 1938 Hirschmann and Wintersteiner (1) isolated from the 
non-ketoniec phenolic fraction of the urine of pregnant mares, 
besides 17-dihydroequilenin and 8-estradiol, a compound of the 
composition CysH2Oes, designated in their paper as Compound 3. 
Lack of material prevented a complete characterization of this 
compound, but the mode of its isolation, its composition, and its 
spectroscopic properties made it probable that its strueture was 
that of a Ag_; or Ag_9 double bond isomer of 17-dihydroequilin. 
Isoequilin A, which can be obtained from equilin by treatment with 
acid, possesses a double bond between Cs and Cy (2). Since its 
spectrum is similar to, but not identical with that of the urinary 
diol, it seems probable that the non-benzenoid double bond in the 
latter compound is located between C.s and Cy. 

With a view to the synthesis of compounds of this type, we 
have prepared new estrogens which contain oxygen in positions 
60r7. Inthe present communication we describe the conversion 
of equilin into 7-ketoestrone, and the reduction of the latter to 
7-hydroxyestrone. 

7-Ketoestrone—The acetate of equilin (1) reacts with osmium 
tetroxide, as Serini and Logemann (3) have shown, to give equilin 
glycol, 7,8-dihydroxyestrone (II). This compound, when dis- 
tilled in a high vacuum, loses 1 molecule of water, yielding a 
hydroxydiketone of the composition C,gsH»o»O;. The new com- 
pound melts at 212.5°' and shows a specific rotation of +167° 


* This report is from a dissertation submitted by W. H. Pearlman in 
partial fulfilment of the requirements for the degree of Doctor of Philos- 
ophy in the Faculty of Pure Science, Columbia University. 

' All melting points reported in this paper are corrected. 
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(dioxane). ‘The presence of two keto groups was established by 
the preparation of a crystalline dioxime (m.p. 253°) and of an 
amorphous disemicarbazone (m.p.>295°). From the mode of 
formation there can be hardly any doubt that the newly formed 
keto group occupies position 7 (III). Additional evidence for 
this structure was adduced in the following way. The diketone 
on treatment with acetic anhydride and water-free sodium acetate 


\ 


MOLECULAR €XTINCTION COEFFICIENT [€] 


\ 
\ 


VA 


2 760 i 320 


WAVELENGTH mu 


Fia, 1. Absorption spectra of 7-ketoestrone (Curve I), 7-ketoestrone 
enol diacetate (Curve II), and 7-hyvdroxyestrone diacetate (Curve IIT). 


yields a diacetate (m.p. 171.5°) of the composition Cy2:H Os. One 
of the acetoxy groups must be in position 3; the other is obviously 
derived from the enol form of the keto group at C;, since a keto 
group at position 17 is known to enolize only with difficulty. 
This is borne out by the spectrum of the diacetate, which indicates 
the presence of a double bond in conjugation with the benzenoid 
Ring A; whereas the spectrum of the free hydroxydiketone is 
identical with that of estrone (Fig. 1). That this double bond 
owes its existence to enolization and not to an irreversible rear- 
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rangement connected with double bond shift is shown by the fact 
that the original diketone is recovered when the diacetate is 
hydrolyzed with acid. The diacetate has accordingly to be 
formulated as in IV. 

Since the dehydration of equilin glycol to 7-ketoestrone may 
proceed over the A;_s-enol form of the latter, the possibility had 
to be considered that inversion of the configuration of carbon atom 
8 may have occurred in this reaction. It appeared possible that 
the low estrogenic potency of 7-ketoestrone, which is only 1/300 
of that of estrone, was partly due to an inversion at Cy. It is 


VIII VIL 


known that this stereochemical change, in the case of the iso- 
estrone (epi-8-estrone) of Serini and Logemann (3), causes a con- 
siderable decrease of potency. In order to gain information on 
this point we eliminated both keto groups in 7-ketoestrone by 
W olff-IKishner reduction of its disemicarbazone and compared the 
reaction product (V) with the 17-desoxoestrone, which can be 
obtained by the same method from the semicarbazone of estrone 
(VI) (4).. The two products as well as their benzoates were found 
to be identical, as evidenced by their melting points and mixed 
melting points. However, there was a slight difference between 
the specific rotations of the two reaction products (desoxoestrone 
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from 7-ketoestrone +72°, from estrone +77°). This is probably 
due to the presence in the desoxo product from estrone of a highly 
dextrorotatory impurity which is difficult to remove even by 
repeated crystallization. Lack of material prevented us from 
recrystallizing the product obtained from estrone to constant 
rotation, but the rotation of the material from 7-ketoestrone 
remained the same after the second crystallization. Further- 
more, it might be pointed out that the Cs epimer of desoxoestrone 
would be expected to have a dextrorotation about 70° lower than 
that of the normal compound, since this is the difference observed 
between the rotations of isoestrone and of estrone (3). It is 
therefore probable that the configuration of carbon atom 8 in 
7-ketoestrone is the same as in estrone and other natural steroids. 
The possibility appears remote that 7-ketoestrone may still be a 
member of the iso series, but that an inversion of Cy (reestablishing 
the normal configuration at this carbon atom) may have taken 
place during the Wolff-Kishner reduction. We hope to settle 
this question eventually by elimination of the 7-hydroxy group of 
7-bydroxyestrone through reactions which cannot possibly involve 
the hydrogen atom at Cs. 

When 7-ketoestrone is dissolved in alkali in the presence of air, 
it undergoes decomposition, as shown by the rapid appearance of 
dark pigments. It was for this reason that we had to resort to 
acid hydrolysis for recovering the diketone from the enol diacetate, 
and that the attempted preparation of the 3-monobenzoate by the 
Schotten-Baumann method failed. This instability is manifest 
even in alcoholic solution containing some sodium carbonate. 

7-H ydroxyestrone——The ease with which the 7-keto group in 
7-ketoestrone undergoes enolization enabled us to reduce this 
group selectively to a secondary alcoholic group without disturb- 
ing the keto group at Cy;. 7-Ketoestrone diacetate (IV) when 
hydrogenated in the presence of palladium black rapidly takes up 
1 mole of hydrogen, and the diacetate of 7-hydroxyestrone (VII) 
is Obtained in quantitative yield. Its spectrum is very similar 
to that of estrone acetate (Fig. 1), indicating that the enolic double 
bond has been hydrogenated. The compound occurs in two poly- 
morphous modifications; namely, as needles melting at 123° and 
as blunt prisms melting at 132°. In contradistinction to the enol 
diacetate of the diketone the reduced diacetate yields no pigment 
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in alkaline solution. Saponification with standard alcoholic 
sodium hydroxide and back titration confirmed the presence of the 
two original acetyl groups. The hydrolysis product, 7-hydroxy- 
estrone (VIII), melts at 267°. Its specific rotation in dioxane is 
+134.5°. It is much less soluble in ether and alcohol than 7-keto- 
estrone. The keto diol is a more strongly acidic phenol than 
estrone, since it is readily soluble in aqueous alkali and can be 
partly extracted from ether solution with 5 per cent sodium 
carbonate solution. A 8-monobenzoate (m.p. 181°) has been 
prepared. 

7-Hydroxyestrone and 7-ketoestrone were found to possess 
approximately the same estrogenic potency; namely, 1/300 that 
of estrone.2. The introduction of a functional group in position 7 
therefore greatly decreases the physiological efficacy. If an addi- 
tional hydroxy! group is present In position 8, as in equilin glycol, 
the estrogenic effect is all but abolished (3). 


EXPERIMENTAL 


Equilin Glycol- Yhe equilin used as starting material was iso- 
lated from the more soluble portions of the phenolic fraction of 
the urine of pregnant mares.’ It melted at 237—239° and had a 
specific rotation [a]*” = +304° (dioxane); it was converted into 
the acetate (m.p. 125.5-126.5°) and the latter subjected to treat- 
ment with osmium tetroxide according to Serini and Logemann (3). 
We found that on hydrolysis of the osmic acid ester with sodium 
sulfite the acetoxy group also is saponified quantitatively so that 
the subsequent treatment with methyl alcoholic alkali can be 
omitted. The melting point of the crude glycol in most of the 
runs was 250-252°, but occasionally as high as 255-260°. How- 
ever, after recrystallization the preparations frequently showed 
considerably lower melting points. Thus the melting point of 
material originally melting at 251° declined to 210-216° on reerys- 
tallization from anhydrous ethyl acetate; two fractions recovered 
from the mother liquor melted at 216-227° and 232-238° respec- 


2 The assays were carried out by Dr. C. Mazer of Philadelphia, to whom 
we wish to express our sincere thanks. The details of the method have 
been given in a previous publication (5). 

’ We wish to express our thanks to Dr. FE. Schwenk of the Schering Corpo- 
ration, Bloomfield, New Jersey, for the gift of this material rich in equilin. 
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tively. Subsequent recrystallizations also produced material 
with varying and protracted melting ranges intermediate between 
the extreme values. Two samples melting at 255-260° were re- 
erystallized from 25 per cent alcohol. The solution of the first 
was seeded with the original crystals, and yielded material melting 
at 246-248°; the other solution, seeded with crystals melting at 
205-213°, gave a product melting at 208-226°. We ascribe this 
behavior to crystal polymorphism, although there is no difference 
in the appearance of the low and high melting preparations. It 
seemed of importance to prove this point conclusively, by analysis 
and determination of the rotatory power of both kinds of material. 

Equilin glycol, m.p. 251°; [alp = +139° (0.33% in dioxane) 

 214-220°; [alp = +135° (0.39% in dioxane) 
CisHeO,y Calculated. C 71.48, H 7.34 


Equilin glycol, m.p. 253-254°. Found. C 71.29, H 7.33 


High melting and low melting preparations yielded identical 
reaction products on acetylation. 32 mg. of equilin glycol, m.p. 
214-220°, were acetylated with acetic anhydride in pyridine (3). 
28 mg. of material, m.p. 211.5-212°, were obtained, which gave 
no depression with a sample of equilin glycol diacetate with a 
melting point of 211-212°, similarly prepared from equilin glycol 
with a melting point of 251°. [a]? = +90° and +92° respectively 
(in alcohol). 

7-Ketoestrone— 240 mg. of equilin glycol were distilled for 4.5 
hours at 205-210° and 0.003 mm. of Hg. The white erystalline 
distillate (218 mg.) was recrystallized several times from alcohol. 
74 mg. of the pure compound were obtained which melted at 212- 
212.5°, with decomposition. The mother liquors yielded a further 
66 mg. having a melting point of 209.5-210.5°. 


C,sH2oO;3. Calculated, C 76.01, H 7.09; found, C 76.21, H 6.88 
fa]p = +167° (1.13% in dioxane) 


The ultraviolet absorption spectrum shows a maximum at 2830 A. 
(e = 2130) and a minimum at 2540 A. (e = 400) (Fig. 1). 
Dioxime of 7-Ketoestrone—23 mg. of 7-ketoestrone were refluxed 
2 hours with 164 mg. of hydroxylamine acetate in 2 ce. of 80 per 
cent ethyl alcohol. After 20 hours at room temperature the solu- 
tion was concentrated to about 0.3 cc. and the oxime precipitated 
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by adding a large volume of water. The precipitate was washed 
several times with cold water and repeatedly recrystallized from 
20 per cent alcohol. 15.6 mg. of heavy plates which decomposed 
at 252-253° were obtained. 


CisHosO3N:y. Calculated. C 68.77, H 7.06, N 8.91 


Knol Diacetate of 7-Ketoestrone —13 mg. of 7-ketoestrone were 
refluxed for 1 hour with 3 ec. of acetic anhydride and 0.3 gm. of 
fused sodium acetate. The reaction mixture was decomposed with 
ice water, carefully neutralized to litmus with sodium bicarbonate, 
and extracted with ether. On evaporation of the solvent a quanti- 
tative yield of needle-shaped crystals was obtained, which after 
several recrystallizations from absolute alcohol melted at 171- 
171.5°. For analysis the sample was dried for 1 hour at 110°, 
6 mm. of Hg. 


CraHyOs. Caleulated, C 71.70, H 6.57; found,C 71.69, H 6.32 


The ultraviolet absorption spectrum (Fig. 1) exhibits a high maxi- 
mum at 2680 A. (e = 9680) and a minimum at 2415 A. (e = 4320). 

Hydrolysis of Enol Diacetate of 7-Ketoestrone—14.6 mg. of the 
enolic acetate were dissolved in 3 cc. of methanol. 1 ce. of water 
and 0.2 ce. of concentrated hydrochloric acid were added and the 
mixture refluxed in a nitrogen atmosphere for 1 hour. ‘The color- 
less solution was diluted with water, extracted with ether, and 
the latter washed with dilute sodium bicarbonate and with water. 
The crystalline residue (11.4 mg.) from the ether solution was 
recrystallized once from alcohol to yield 6.5 mg. melting at 211- 
212°. A mixed melting point determination with 7-ketoestrone 
gave no depression. 

Disemicarbazone of ?-Ketoestrone-—22.7 mg. of 7-ketoestrone 
were refluxed for 2 hours with 4.5 equivalents of semicarbazide 
acetate in 2 ce. of 90 per cent ethyl alcohol. After 24 hours at 
room temperature, the solvent was partly removed and the disemi- 
earbazone precipitated by dilution with water. The precipitate 
was centrifuged, washed repeatedly with water, and dried 
(33.6 mg.). This product was purified by dissolving it in warm 
alcohol, from which it deposited in the form of amorphous granules 
on chilling. The compound remained unchanged when heated 
in a capillary tube to 295°. 
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Calculated. 60.29, H 6.58, N 21.1 


The low figure for carbon is to be ascribed to the retention of 
solvent even on prolonged drying. Similar difficulties have been 
encountered in the analysis even of crystalline semicarbazones 
of estrogenic ketones (2, 4). 

Wolff-Kishner Reduction of Disemicarbazone of 7-Ketoestrone- 
90 mg. of the disemicarbazone were heated with 203 mg. of sodium 
dissolved in 4.5 ec. of absolute alcohol in a sealed tube at 185° 
for 12 hours. The reaction mixture was diluted with water, acidi- 
fied to Congo red with hydrochloric acid, and extracted with 
ether. The oily residue of the ether phase (64.6 mg.) was dis- 
tilled in a high vacuum at 100-140°. 28 mg. of a white crystalline 
distillate were obtained. This was recrystallized twice from dilute 
alcohol to yield 17 mg. of crystals melting at 134-135°. [a]? = 
+71° (absolute alcohol). The sample was recovered and recrystal- 
lized. 13 mg., melting at 135-135.5°, were obtained. [a|;* = +72° 
(0.415 per cent in alcohol). The sample was recovered and 
recrystallized. 6.6 mg. were obtained melting at 135.5-136.5°. 
There was no depression of the melting point when the sample 
was mixed with desoxoestrone prepared from estrone (m.p. 


135.5-137°). 
C,sHaO. Calculated, C 84.31, H 9.46; found, C 83.97, H 9.40 


Wolff-Kishner Reduction of Estrone Semicarbazone  ‘Vhe semi- 
carbazone was prepared from estrone (m.p. 259-260°, [a], = 
+-164.5° in dioxane) by dissolving 145 mg. of the latter in 3.2 ce. 
of a 1:1 mixture of aleohol-pyridine, adding an excess (1.4 equiva- 
lents) of semicarbazide acetate in 67 per cent ethyl aleohol, and 
allowing the mixture to stand 48 hours at room temperature. The 
crystalline semicarbazone which had deposited was washed with 
water and absolute alcohol. 161 mg. melting at 249° with decom- 
position were obtained. 

The reduction was carried out in exactly the same way as with 
7-ketoestrone disemicarbazone. For 103 mg. of the semicar- 
bazone 206 mg. of sodium were used. The crude reaction product 
(86 mg.) yielded on high vacuum distillation 59 mg. of crystalline 
material. This was recrystallized five times to give 26 mg. of a 
product melting at 136.5-137° with a specific rotation of +83°. 
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This material was combined with 11 mg. of crystals obtained in a 


previous run (la|, = +82°) and was recrystallized three more 
times. I& mg. melting at 135.5-136.0° were finally obtained. 
= +77° (absolute alcohol). 


The value reported by Butenandt and Westphal (6) for the 
specific rotation of desoxoestrone (m.p. 134° uncorrected) prepared 
from estrone by either the Wolff-Kishner or the Clemmensen 
method is +89° (in 96 per cent alcohol). We obtained the latter 
figure with a product which had been recrystallized only once 
after the high vacuum distillation. 

The above preparation (fa], = +77°) was recrystallized once 
more (m.p. 135.5-137°) and analyzed. 


C,sH,,O. Caleulated, C 84.31, H 9.46; found, C 84.03, H 9.50 


Benzoate of Desoxroestrone--7 mg. of desoxoestrone, m.p. 133- 
134°, obtained from the mother liquors of the preparation from 
7-ketoestrone, were benzoylated by the Schotten-Baumann 
method. The crude reaction product was recrystallized three 
times from alcohol-benzene (3:1). 5 mg. of rectangular plates 
were obtained which melted at 172.5°. Butenandt, Stormer, and 
Westphal (4) reported a melting point of 166—-167°. 


C.;H..0,. Caleulated, C 83.30, H 7.83; found, C 83.25, H 7.86 


The benzoate similarly prepared from the desoxo compound 
derived from estrone melted at 173.5°; mixed melting point with 
the above preparation from 7-ketoestrone, 173°. 

?-Hydroxyestrone Diacetate—175.7 mg. (0.48 mm) of the enol 
diacetate of 7-ketoestrone were hydrogenated in glacial acetie acid 
in the presence of palladium black. 0.55 mM of hydrogen was 
taken up within 33 minutes. The solvent was removed in vacuo. 
On crystallization of the residue from 90 per cent aleohol, 140 mg. 
of needles melting at 125-126° were obtained. Three more recrys- 
tallizations yielded a preparation which melted at 131-131.5°. 
However, when this material was recrystallized once more from 
the same solvent, blunt prisms quite different in appearance from 
the needle-shaped form and melting at 122-123°, resulted. The 
melting point of the resolidified sample was again 130—-132°. 
From the combined mother liquors 49 mg. of the lower melting form 
were recovered. 
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CoeoH 60s. Calculated, C 71.33, H 7.08; found, C 71.15, H 7.05 


The ultraviolet spectrum (Fig. 1) shows a maximum at 2690 A. 
(e = 660) and a minimum at 2510 A. (e = 350). 

7-H ydroxyestrone—58.1 mg. (0.156 mM) of the enol diacetate 
of 7-ketoestrone were dissolved in 20 cc. of methanol and an 
excess of aqueous standard alkali added to the solution. Back 
titration after 48 hours standing at room temperature showed 
that only 1.4 acetoxy groups per mole had been hydrolyzed. The 
saponification was completed by refluxing for 6 hours with more 
alkali. A total of 0.286 milliequivalent of alkali had been neu- 
tralized. The methanol was partly removed by evaporation, and 
the solution diluted with water and extracted with ether. The 
ether phase, after being washed with dilute sodium bicarbonate 
and water, yielded on evaporation of the solvent 45.7 mg. of fine 
needles, which after three recrystallizations from absolute alcohol 
melted at 265-267° (with decomposition). The compound is 
much less soluble in ether and alcohol than 7-ketoestrone. 

CysH2O3. Calculated, C 75.49, H 7.74; found, C 75.41, H 7.86 
lal = +134.5° (0.83% in dioxane) 

7-H ydroxyestrone-3-M onobenzoate -27.5 mg. of 7-hydroxyes- 
trone, m.p. 263-265°, were dissolved in 10 ec. of 1.25 N sodium 
hydroxide solution and 0.5 ce. of benzoyl chloride gradually added 
with shaking. The reaction product was recrystallized from 
absolute alcohol. 26.7 mg. of plates, melting sharply at 181°, 
were obtained. 3 


Calculated, C 76.90, H 6.71; found, C 76.66, 16.83 


SUMMARY 


7-Ketoestrone has been obtained by dehydration of equilin 
glycol (7,8-dihydroxyestrone). Evidence presented which 
shows that the configuration of carbon atom 8 in the new com- 
pound is the same as in estrone. Partial reduction of the diketone 
yielded 7-hydroxyestrone. The presence of a functional group 
in position 7 greatly diminishes the estrogenic potency. 


The microanalyses reported in this paper were carried out by 


Mr. William Saschek. 


On page 44, Vol. 130, No. 1, September, 1939, line 4, read ?-hydrory- 
estrone diacetate for the enol diacetate of 7-ketoestrone. 
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THE SUBSTITUTION OF GLUCOSE IN POSITION 4 


II. 2,3-DIACETYL 8s-BENZYLGLUCOSIDE AND ITS 
DERIVATIVES 


By ALBERT L. RAYMOND, R. STUART TIPSON, ano P. A. LEVENE 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 22, 1939) 


In the first communication of this series! is deseribed the prepara- 
tion of 2,3-diacetyl B-methylglucoside, from which 2,3 ,6-triacetyl 
B-methylglucoside was readily prepared by cautious partial 
acetylation. It was hoped that this substance would be useful 
in the synthesis of certain disaccharides, but this expectation has 
not been realized, since the final product is a methylglycoside in 
which the glycosidic methoxyl group is more stable than the disac- 
charide linkage. Hence the free disaccharide could not be pre- 
pared in this manner. 

Attention has therefore been directed to the corresponding 
derivative of B-benzylglucoside, a compound from which the glyco- 
sidic benzyl group may readily be removed by hydrogenation. 

Tetraacetyl bromoglucose was condensed with benzyl alcohol 
and the product deacetylated to give 6-benzylglucoside. This 
was condensed with benzaldehyde and the product acetylated, 
yielding 2,3-diacetyl 4,6-benzylidene 8-benzylglucoside. Cau- 
tious removal of the benzylidene group from this substance gave 


-erystalline 2 ,3-diacetyl B-benzylglucoside. 


In order to confirm the structure assigned to it, 2,3-diacetyl 
8-benzylglucoside was treated with p-toluene sulfonyl chloride 
(2.2 moles) and the behavior of the resulting crystalline ditosyl 
diacetyl 6-benzylglucoside towards sodium iodide dissolved in 


acetone (during 2 hours at 100°) was examined. <A crystalline 
monoiodo monotosyl diacetyl! 6-benzylglucoside was isolated, indi- 


1 Levene, P. A., and Raymond, A. L., J. Biol. Chem., 97, 763 (1932). 
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CHBr 
H-C-OAc 


AcO.- C -H 


H-C-OAc 
H-C——_— 


CH.OAc 


Bromo tetracetyl glucose 


C;H;O-C-H 


H-C-0-COCH; 


CH,CO-0-C-H O 


2,3-Diacetyl 4,6-benzyvlidene 


8-benzylglucoside 
C;H,0-C-H 
H-C-O-COCH; 
O 
CH;CO-O-C-H 
H-C-OH 
H-C— 


CH.OH 
2,3-Diacety! 8-benzylglucoside 


derivative. 


~CHC.H; 


2 .3-Diacetyl B-Benzylglucoside 


H-C-OAe 
AcO.- -H 

H-C-OAe 

H-C— 


CH.OAc 


Tetracety! 6-benzylglucoside 


C,H;O0-C-H 


H-C-OH 
| | 
HO-C-H 
| 
| 
| 
| "C-CHC AH, | 
H-C-CH,-O7 


4,6-Benzylidene 8-benzylglucoside 


C;H;O-C-H 


H-C-O-COCH; 


O 
+  CH;CO-0-C-H 


H-C-OH 


CH.O-COCH, 
2,3,6-Triacetyl 8-benzylglucoside 


cating the presence of a terminal tosyl group in the ditosyl 
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It was found possible to prepare two substances substituted in 
positions 2, 3, and 6, both available for substitution in position 4. 
The first, 2,3, 6-triacetyl B-benzylglucoside, was prepared by par- 
tial acetylation of the 2,3-diacetate exactly as described! for the 
acetylation of 2,3-diacetyl 6-methylglucoside to give 2,3,6-tri- 
acetyl 6-methylglucoside, the structure of which is well known. 
Thus it is warranted to conclude that the third acetyl group in 
both substances is in position 6. 

The second, 2 ,3-diacetyl 6-tosyl 6-benzylglucoside, was obtained 
in crystalline form, but its peculiar physical properties did not 
permit satisfactory recrystallization for analysis. 


EXPERIMENTAL 


Preparation of B-Benzylglucoside?—Tetraacetyl bromoglucose 
(100 gm.) was dissolved in a solution of 100 ec. of benzyl aleohol 
in 400 cc. of dry ether, and 200 gm. of dry silver oxide were imme- 
diately added. The mixture was shaken until a filtered test por- 
tion contained no bromine. 

The mixture was now filtered and the filtrate evaporated under 
diminished pressure until all the ether and about half the benzyl 
alcohol had been removed. Some 95 per cent ethyl alcohol was 
now added and the solution was cooled. Water was added to faint 
opalescence and the solution allowed to stand in the refrigerator. 
The erystalline product was filtered off, washed with dilute 
aqueous alcohol, and then recrystallized from aqueous alcohol. 

150 gm. of dry tetraacetyl 6-benzylglucoside? were dissolved in 
790 ce. of absolute methyl aleohol and 7.5 ce. of 1.7 N barium 
methylate in methyl alcohol were added. The solution was 
evaporated under diminished pressure to 150 ec. and then cooled. 
ther was added to faint opalescence and the solution allowed to 
stand in the refrigerator. The crystalline product was filtered off 
and washed with a mixture of methyl aleohol and ether. A second 
crop was obtained by evaporating the filtrate and repeating the 
treatment with ether. Yield, 98 per cent of the theoretical. 

Preparation of 2,3-Diacetyl 4 ,6-Benzylidene B-Benzylglucoside— 
A mixture of 160 gm. of 6-benzylglucoside with 120 gm. of pow- 

2 Fischer, k., and Helferich, B., Ann. Chem., 383,71 (1911). Bourquelot, 


and Bridel, M., Compt. rend. Acad., 166, 523 (1912). Helferich, B., and 
Giootz, R., Ber. chem. Ges., 62, 2788 (1929). 
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dered, anhydrous zine chloride and 400 cc. of benzaldehyde was 
shaken mechanically at room temperature during 5 hours. 

Water and then petroleum ether were added, giving a crystalline 
product. ‘This was filtered off, dissolved in alcohol, reprecipitated 
by the addition of water, and dried at 60°. 

The benzylidene 6-benzylglucoside was dissolved in 600 ce. of 
warm pyridine, the solution cooled to 20°, and 300 cc. of acetic 
anhydride were added. The resulting solution was cooled in ice 
during 1 hour and then allowed to stand at room temperature. 
The temperature slowly rose to 30° and the product erystallized 
out. It was filtered off, dried, and then recrystallized from boiling 
ethyl acetate. 

It had a melting point of 208 209° and the following specific 
rotation. 

—4.32° X 5 


lal? 2 x 0.0995 = —108.4°) Gin chloroform) 


The substance had the following composition. 


4.826 mg. substance: 11.505 mg. CO, and 2.560 mg. H-O 


5254. : 4.19 ec. 0.01 N sodium thiosulfate 
CogH oe Os. Calculated. 65.13, H 0.9, COCH, 19.45 


Preparation of 2,3-Diacetyl B-Benzylglucoside—50 gm. of 2,3- 
diacetyl benzylidene 6-benzylglucoside were suspended in 450 ce. 
of acetone and 50 cc. of 0.25 N aqueous hydrochloric acid were 
added. The mixture was boiled under a reflux condenser during 
3.25 hours, the solution cooled, silver oxide added until the hydro- 
chlorie acid had been neutralized, and the mixture filtered. 

The filtrate was now evaporated under diminished pressure 
until two layers formed. Chloroform was added and the mixture 
washed with sodium bisulfite solution until free from benzaldehyde, 
twice with water, and then dried with anhydrous sodium sulfate. 
The mixture was filtered, the filtrate evaporated to dryness, and 
the product dissolved in 200 ce. of methanol. The solution was 
allowed to stand in the refrigerator until crystallization was com- 
plete, and then filtered, giving some 6 gm. of crystalline, unchanged 
starting material. 

The filtrate was again evaporated to dryness, dissolved in 200 ce. 
of ethyl acetate, and 200 cc. of hexane were added. On being 
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stirred and cooled, the product erystallized. Yield, 83 per cent 
of the theoretical. 

The substance was recrystallized four times from ethyl acetate- 
hexane as described above, giving material with a melting point 
of 116-117°, which displayed the following specific rotations. 


—1.37° XK 100 
lal, = = —67.4° (in acetone) 


2X 1.016 


xs 
la], = = —85.9° (in ethanol) 
G.1001 
The substance had the following composition. 


4.402 mg. substance: 9.306 mg. CO, and 2.592 mg. H,O 


4.57 cc. 0.1 N NaOH 
Calculated. C 57.60, H 6.3, COCH, 24.29 


Preparation of 4,6-Ditosyl 2 ,3-Diacetyl B-Benzylglucoside—-5 gm. 
of dry, recrystallized 2,3-diacetyl 8-benzylglucoside were dis- 
solved in 25 ec. of dry pyridine, 5.95 gm. of tosyl chloride were 
added, and the mixture shaken until the chloride had dissolved. 

After standing overnight at room temperature, with the exclu- 
sion of atmospheric moisture, the mixture was cooled to 0° in ice 
and 1 ec. of water was added. The crystals of pyridine hydro- 
chloride which had formed all dissolved and then erystals of a dif- 
ferent type started to separate. About | cc. of water was added 
dropwise, precipitating an oil which rapidly crystallized and, in a 
few minutes, the product became an almost solid mass of crystals. 

The mixture was kept at room temperature during 30 minutes 
and then a cold, filtered, saturated aqueous sodium bicarbonate 
solution was added, with stirring, until there was no more effer- 
vescence and the solution was alkaline to litmus. The erystalline 
product was filtered off, well washed with sodium bicarbonate 
solution and then with water until free from pyridine, and dried. 
Yield 9 gm. 

It was recrystallized as follows: 5 gm. were dissolved in 150 ce. 
of boiling absolute methanol under a reflux condenser. The hot 
solution was filtered and the colorless filtrate immediately started 
to deposit erystals. After standing in the refrigerator during 
several hours, the crystalline material was filtered off and dried. 
Weight 4.6 gm. 
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It had a melting point of 143-144° and the following specific 
rotation. 


—0.68° X 100 
——— = —34.0° (in acetone) 
2 X 1.000 


= 


Its composition was as follows: 


4.171 mg. substance: 8.590 mg. COQ, and 2.000 mg. HO 


: 3.672 BaSO, 
CyHyOwS:. Calculated. C 56.16, H 5.2, S 9.68 


Action of Sodium Iodide on 4,6-Ditosyl 2 ,3-Diacetyl B-Benzyl- 
glucoside—-A mixture of 0.5 gm. of 4,6-ditosyl 2 ,3-diacetyl 8-ben- 
zylglucoside with 0.5 gm. of dry sodium iodide was dissolved in 
5 ec. of acetone and the solution heated in a sealed tube at 100° 
during 2 hours. The colorless solution became very pale yellow, 
and colorless crystalline platelets separated out. 

The mixture was cooled, filtered, and the sodium salt well 
washed with acetone. The filtrate and washings were combined 
and evaporated to dryness under diminished pressure, giving a 
crystalline mass which was triturated with chloroform, and the 
sodium iodide filtered off. The filtrate was evaporated to dryness, 
giving a practically quantitative yield of a colorless gum which 
rapidly crystallized, in rosettes of needles, to a solid mass. It 
was recrystallized by being dissolved in the minimum volume of 
warm ether with addition of pentane and nucleated. On cooling 
and stirring, it crystallized in colorless, long, fine, silky needles. 
It had a melting point of 125-126° and the following composition. 


5.242 mg. substance: 8.995 mg. CO, and 2.170 mg. HO 


Calculated. C 46 59, H 4.4, S §. 19, I 20.53 
Found. “ £6.79, 446, 6.33, “20.04 


Its specific rotation was as follows: 


[a]> = 47.4° (in acetone) 
Preparation of 2,3,6-Triacetyl B-Benzylglucoside—10 gm. of 
2 ,3-diacetyl 8-benzylglucoside were dissolved in 50 ee. of dry 
pyridine. A solution of 2.9 cc. of acetic anhydride in 20 cc. of 
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chloroform was added during 20 minutes, with cooling and stir- 
ring. The product was isolated as described for the 6-tosyl deriva- 
tive, giving a colorless gum weighing 11 gm. 

The substance, which is readily soluble in dry ether, was distilled 
at high vacuum, giving two fractions and a negligible amount of 
still residue. Both fractions boiled at 190-195° at 0.1 mm. (bath 
temperature, 210-220°) and were pale yellow, extremely viscous 
syrups. 

Fraction 1 (weight 6.9 gm.) had n? = 1.5002 and the following 
specific rotation. 

—1.53° X 100 


= —55.4° (in acetone) 
2X 1.282 


la); = 
Fraction 2 (weight 4.1 gm.) had n = 1.5035 and the following 
specific rotation. | 


—1.25° 100 
= —57.8° (in acetone) 
2 X 1.082 


[a]; = 

In this connection it may be noted that 2,3-diacetyl 8-benzyl- 
glucoside, which might be expected as a contaminant in Fraction 2, 
has n> = 1.5105 (in the superfused state) and the following 


specific rotation. 


—1.42° XK 100 67.3° 
cetone 
2 1.055 


= 
Both fractions were readily obtained in crystalline form (as 
feathery needles) from a solution in dry ether on the addition of 
pentane to faint opalescence, but as the solvents are in this case 
difficult to manipulate (since a concentrated solution is necessary ) 
aqueous alcohol was found to be preferable as a medium for 
recrystallization. 
The crystalline product had the following composition. 


2.759 mg. substance: 5.832 mg. CO; and 1.625 mg. HO 


6.905 : 5.280 cc. 0.01 N sodium thiosulfate 
CioH Calculated. C 57.55, H 6.1, COCHs; 32.58 
Found. * 6.4, 32.88 


Preparation of 6-Tosyl 2,3-Diacetyl B-Benzylglucoside—5 gm. 
of 2,3-diacetyl 8-benzylglucoside were dissolved in 25 ec. of dry 
pyridine. ‘The solution was cooled in ice and stirred mechanically 
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with the exclusion of atmospheric moisture. A solution of 3 gm. 
of p-toluene sulfonyl chloride in 10 ec. of chloroform was now 
added dropwise during a period of about 20 minutes. The mixture 
was cooled in ice for a further 60 minutes and then allowed to stand 
overnight at room temperature. 

0.5 ce. of water was now added and the mixture stirred during 
30 minutes at room temperature. ‘The mixture was diluted with 
ice water and extracted three times with chloroform. The product 
was isolated in the usual manner, giving a colorless gum (weight 
7 gm.). 

The substance was dissolved in 25 ec. of hot ethyl acetate and, 
on cooling, crystallized to an almost solid mass in rosettes of long, 
fine, hair-like needles. It could also be crystallized from benzene 
and benzene-hexane, but, owing to its peculiar property of forming 
a mat of hairy needles which adsorbed mother liquor, we have not 
succeeded in purifying it satisfactorily. 
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A NOTE ON THE ACTION OF SILVER SALTS OF 
ORGANIC ACIDS ON BROMOACETYL SUGARS. 
A NEW FORM OF TETRAACETYL /-RHAMNOSE 


By R. STUART TIPSON 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 22, 1939) 


The ‘“a@’’ form of tetraacetyl l-rhamnopyranose = +14.1°) 
first described by Fischer, Bergmann, and Rabe! is now called 
the “‘8”’ form according to Hudson’s system of nomenclature.* 

To date, the isolation of crystalline a-tetraacetyl l-rhamnose 
does not appear to have been reported and we have therefore 
sought methods for its preparation. 

A review of the literature, which may not be an exhaustive one, 
reveals what appears to be a general rule—-that treatment of the 
ordinary form of a halogenoacetyl sugar with silver acetate (in a 
medium of glacial acetic acid, dry toluene, or some similar solvent) 
yields the acetate having trans*® acetyl groups at positions | and 2, 
regardless of whether the sugar has czs or trans hydroxyl groups 
at positions 2 and 3. These results are summarized in Table I. 
In all cases cited, except that of d-ribose, both the a and 8 forms 
are well known. 

The same appears to hold true if the halogenoacetate is treated 
with silver benzoate; the benzoyl group enters trans to the acetyl! 
group at position 2. (See Table I.) 

The possibility of such a rule is somewhat obscured by Hudson’s 
arbitrary system of nomenclature? in which the forms @ or 8 of a 
sugar and its derivatives are named solely on the basis of a 
physical property, namely, their relative optical activity, and 
this bears no immediately obvious relation to the relative cis 


' Fischer, Ic., Bergmann, M., and Rabe, A., Ber. chem. Ges., 63, 2362 
(1920). 

*? Hudson, C.S., J. Am. Chem. Soc., 31, 66 (1909). 

* According to the generally accepted convention. See Table II. 
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or trans disposition of the groupings at carbon atoms (1) and 
(2). (These dispositions are given in Table IJ, which assumes 
the correctness of the generally accepted convention that in 
a-pentaacetyl d-glucose the acetyl groups at C, and C2 are cis, 
and also the extension of this to the other sugar acetates, although 


TABLE 
Action of Silver Acetate and Silver Benzoate on Halogenoacelyl Sugars 


Interaction of halogenoacetate with 


Silver acetate Silver benzoate 


| Form obtained, Form obtained, 
of product trans (1-2) of product trans (1-2) 


degrees degrees 
C'1s-(2-3) hydroxyls 
—54.3 
d-Mannose......... +56 .6 at 
Trans-(2-3)hydroxyls | 
l-Arabinose... ._.. +42.5 
d-X ylose. . —25 3 || —70.3 
M. p. 
d-Glucose........ 131 — 28.1 


* Levene, P. A., and Tipson, R.S., J. Biol. Chem., 92, 109 (1931). 

+ The @ form is apparently unknown but it seems generally considered 
that this is the @ form. 

t Levene, P. A., and Tipson, R.35., J. Biol. Chem., 90, 89 (1931). 

§ Chavanne, G., Compt. rend. Acad., 134, 661 (1902). 

| Dale, J. K., J. Am. Chem. Soc., 37, 2745 (1915). Hudson, C. S., and 
Johnson, I. M., J. Am. Chem. Soc., 37, 2748 (1915). 

© Skraup, Z. H., and Kremann, K., Monatsh. Chem., 22, 375 (1901). 

** Koenigs, W., and Knorr, E., Ber. chem. Ges., 34, 957 (1901). 

tt Levene, P. A., and Tipson, R.38., J. Biol. Chem., 93, 631 (1931). 

tt Zemplén, G., Laszl6, bk. D., Ber. chem. Ges., 48, 915 (1915). 


this cannot be considered as definitely and finally established in 
all cases.) 


But indications of some such regularity have been known for 


some time. For instance, in 1923 Levene‘ found that a-mannose 


‘Levene, P. A., J. Biol. Chem., 67, 329 (1923). 
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erystallizes out under conditions in which glucose and galactose 
give the 6 form. Also, Haworth and Hirst® pointed out that 
‘when the a- and 8-forms of a sugar are considered from the point 
of view of the c7s- and trans-relationships of the hydroxyl groups 
on the first and second carbon atoms, a striking regularity is mani- 
fested.”’ 

Incidentally, from time to time certain authors have claimed 
that all bromoacetyl sugars are @ or that they are all 8. From a 


TABLE II 


Classification® of Some Sugars Having Trans-Hydroxyl Groups at C, and C, 


Form which is 


Sugars of d series trane-Ci-Ce 
Ribose. 8 
\ylose. . 
Arabinose . a 
Lyxose.... 
Allose_ . 3 
(jlucose 
(julose. 
Galactose 
Altrose |. a 
Mannose 
Idose 
‘Talose 
Rhamnose 
a-Glucoheptose. 8 


* According to the generally accepted convention. 


consideration of Table I, this seems scarcely possible, since if 
seems reasonable to assume that interaction with silver acetate, 
whether or not it involves a Walden inversion, will proceed in the 
same manner for each sugar. 

As a result of these considerations, the action of silver acetate 
upon bromotriacetyl /-rhamnose, in a medium of dry toluene, was 
investigated. A new, syrupy form of tetraacetyl /-rhamnose 


> Haworth, W. N., and Hirst, E. L., J. Chem. Soc., 1226 (1928). 
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having [a]? = —61.7° (in chloroform) was isolated but has not, 
as yet, been obtained in crystalline form. It remains to be es- 
tablished whether this is actually the hitherto unknown a@ form, 
but it seems unlikely that change of ring structure should have 
occurred, since such does not take place in the other examples 
cited in Table I. 

Incidentally, the action of silver benzoate upon bromotriacetyl 
d-xylose was found to yield a erystalline 1-benzoyl triacetyl 
d-xylose having a melting point of 147° and f[a]?’ = —70.3° (in 
chloroform). Its formation apparently follows the rule previously 
mentioned. 


EXPERIMENTAL 


Action of Silver Acetate on Bromotriacetyl l-Rhamnose—-To a 
solution of 4 gm. of dry, recrystallized bromotriacetyl /-rhamnose® 
in 50 ee. of dry toluene were added 10 gm. of dry, finely powdered 
silver acetate and the mixture was heated under a reflux condenser, 
with exclusion of atmospheric moisture, in a glycerol bath at 130°. 
As soon as gentle ebullition commenced, the mixture was allowed 
to cool and then filtered with suction. 

The silver salts were repeatedly washed with dry ether, and the 
filtrate and washings combined and evaporated under diminished 
pressure at 35° to a very thick syrup (yield, quantitative). This 
contained no bromine but could not be obtained crystalline. 

The substance was therefore purified by distillation under a 
high vacuum. It boiled at 129-130° at 0.1 mm. (bath tempera- 
ture, 140-142°) and was collected as a colorless, fairly viscous 
syrup having > = 1.4492 and the following specific rotation. 


—3.36° X 100 
2 2.729 = —61.7° (in chloroform) 


[a], = 


The substance had the following composition. 


6.427 mg. substance: 11.960 mg. COs and 3.555 mg. H.O 


4.900 : 5.90 ee. 0.01 N sodium thiosulfate 
Caleulated. C 50.58, H 6.1, COCH, 51.81 


®° Tipson, R.S., Christman, C. C., and Levene, P. A., J. Biol. Chem., 128, 
609 (1939). 
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Action of Silver Benzoate on Bromotriacetyl d-Xylose —8 gm. of 
dry, finely powdered silver benzoate were added to a solution of 
10 gm. of dry, recrystallized bromotriacetyl d-xylose in 50 ec. of 
dry toluene. The mixture was heated under a reflux condenser, 
in a water bath at 95° during 20 minutes. It was then cooled and 
the product isolated in the usual manner, giving a quantitative 
yield of a colorless syrup which crystallized on the addition of a 
little 95 per cent ethanol. It was recrystallized from 95 per cent 
ethanol and was obtained as colorless, long rectangular platelets 
having a melting point of 147-147.5° and the following specific 
rotation, 


—2.22° X 100 
[a], = = —70.3° (in chloroform) 
2 X 1.580 


The substance had the following composition. 


4.325 mg. substance: 9.051 mg. CO, and 2.132 mg. H.O 
CysHapOs. Caleulated. C 56.81, H 5.3 
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THE CARBOHYDRATE METABOLISM OF 
STAPHYLOCOCCUS AUREUS* 


By THEODORE E. FRIEDEMANN 


(From the Laboratory of Chemical Bacteriology, the Department of Medicine 
of the University of Chicago, Chicago) 


(Received for publication, May 5, 1939) 


The rapid growth of staphylococei in the usual laboratory 
media consisting of meat infusion or meat extract, peptone, 
buffer, and metabolizable carbohydrate is accompanied by the 
consumption of sugar and the production of much acid; only 
relatively slight changes are noted in the nitrogenous constituents 
(Kendall, Farmer, Bagg, and Day (1)). Kendall, Friedemann, 
and Ishikawa (2) obtained a yield of from 46 to 79 per cent of 
lactic acid from the metabolized sugar by the action of bacterial 
suspensions at 42° under relatively aerobic conditions. From 
40 to 77 per cent of pyruvic acid was converted into lactic acid; 
considerable quantities of volatile acids and CQ, were also ob- 
tained. Similar results were obtained by Krebs (3) and by 
Barron and Lyman (4). A number of text-books state that 
the metabolism of carbohydrate leads to the liberation of acids, 
chiefly lactic, with small quantities of formic, acetic, propionic, 
butyric, and valerianic acids (see, for example, Kendall (5)). 
A review of the literature thus indicates that the chief products 
of carbohydrate metabolism have not been determined. 


EXPERIMENTAL 


The organisms were freshly isolated from pus, blood, or in- 
fected tissue. <A large loopful of organisms from a young cul- 
ture Was inoculated into an accurately measured volume of 
warm beef infusion, or meat extract, culture medium contained in 


* This study was aided by the Bartlett Memorial Fund and the Douglas 
Smith Foundation for Medical Research of the University of Chicago. 
The work was carried out with the assistance of Thaddeus C. Kmieciak. 
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a tall dispensing bottle. The culture medium also contained | per 
cent of glucose, and from 0.7 to 1.8 per cent of NasHPO,-12H,0. 
The culture was incubated 18 to 24 hours at 37.5°, after which 
it Was sterilized by the addition of exactly 0.1 volume of N H.SO,. 

The analytical methods were those described in the preceding 


paper (6). 
Results 


Typical results obtained from the same strain, inoculated into 
the medium immediately after isolation and again 2 months later, 
are shown in Table I. Lactic acid was the principal metabolic 
product. Based upon the sugar consumed, the lactic acid yields 


TABLE I 
Metabolism of Staphylococcus aureus 74 
Un- 
deter- 
Lactic Formic Acetic Ethyl! mined Alcohol! 
acid acid acid aleohol non- vield* 
volatile 
acidity 
mM Cs mM per mM per Ww per mM pe ce. N 
February, 1935. . 64.0 54.8 2.2 () 6.5 | 0.9 SO 10 
April, 1935 49.5 | 41.5 | 0.9! 0.1 | 2.8 1.4! 84 (j 


* This calculation is based upon the assumption that | mm» of 3-carbon 
intermediate vields | mM each of alcohol and 


were 86 and 84 per cent, respectively. Considerable quantities 
of alcohol were also produced. The distribution coefficient 
(6, 7) of the volatile acid obtained by oxidation of the alcohol 
was identical with that obtained from acetic acid. The alcohol 
therefore consisted entirely of ethyl aleohol. On the assumption 
that 1 mole of alcohol was derived from 1 mole of Cs; intermediate 
(most likely pyruvic acid), the yields of alcohol were 10 and 6 per 
cent. This, with the lactic acid, accounts for 96 and 90 per cent, 
respectively, of the C; intermediate from the sugar. 

Traces of formic acid of the order shown in Table I cannot be 
determined with accuracy in the presence of pyruvic acid and 
other volatile reducing substances present in culture media. 
Only traces of acetic acid were produced. 

For further data the reader is referred to Table 2 of a preceding 
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paper (6). Here again lactic acid was the principal product. 
The percentage yields from seven representative strains in Ex- 
periments 16 to 22 inclusive were 80, 85, 83, 85, 838, 77, and 85. 
The percentage yields of aleohol were LO, 7, 11, 10, 12, 17, and 10. 

A total of twenty strains of staphylococci have so far been 
investigated. The lactic acid yield varied considerably, from 77 
to 91 per cent, with an average yield of 86 per cent. The ethyl 
alcohol yield also varied, from 2 to 17 per cent, with an average 
of 9 per cent. 

No definite relation can be seen between the yield of formic and 
acetic acids and the alcohol. However, in a separate series of 


TABLE II 


Alcohol and Carbon Dioxide Production by Hemolytic Strains of 
Staphylococcus aureus 


The culture medium contained | per cent of proteose-peptone, | per cent 
of glucose, and 0.75 per cent of NasHPO,-12H.O. The medium was pre- 
pared November 1, 1937; inoculated December 22. The organisms were 
taken directly from the original blood agar plate. Incubation, 18 hours at 
37.5°. ‘The results are expressed as mM per liter. 

Strain Strain Strain Strain Strain Strain 

2 3 4 5 6 
Ethyl alcohol, uncorrected * 8.8 7.41 7.1 

* The acidified culture was rapidly aerated for 30 minutes for the deter- 
mination of CO,. This involved a loss of from 1 to 10 per cent of the 
aleohol. 


experiments, a striking similarity between the yields of COs 
and alcohol was noted, as ean be seen in Table II. Six tall 
cylinders which contained culture medium were inoculated and 
were incubated 18 hours, after which they were acidified. Alcohol 
was determined in the culture medium after COs. had been re- 
moved by 30 minutes of aeration. This involved a loss of from 
1 to 10 per cent of the aleohol. When allowance is made for this 
loss, it will be seen that the mm of alcohol, almost within the limit 
of error of the methods, is equal to the mm of COs. 

Despite the complexity of the medium, only a few metabolic 
products were produced in quantity. Of the sugar consumed, 86 
per cent, on the average, yielded lactic acid and 9 per cent yielded 
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approximately equimolecular quantities of ethyl alcohol and COs. 
From 90 to 95 per cent of the earbon of the metabolized sugar 
was thus accounted for by these three products. <A large part 
of the ‘formic acid” was, no doubt, due to pyruvic acid, to other 
volatile reducing substances, and to analytical error. Since no 
effort Was made to maintain strictly anaerobie conditions, oxida- 
tion may account for a large part of the acetic acid. Measurable 
quantities of succinic acid were not apparently produced, as 
judged by the quantity of undetermined non-volatile acidity 
shown in Table I. 

Pyruvic acid most likely is the immediate 3-carbon precursor 
of lactic acid, ethyl aleohol, and CO, (8). IKKendall, Friedemann, 
and Ishikawa demonstrated its reduction to lactic acid and the 
simultaneous production of CO, and volatile acids. The data of 
Barron and Miller (9) indicate a reduction of 1 molecule to lactic 
acid and an oxidation of another molecule to acetic acid and CO, 
by gonococci. This is confirmed by Krebs (3), who obtained 
identical results from staphylococci. Mammalian tissues appear 
to dismute pyruvate in the same manner (10). The occurrence 
of this reaction appears to be well established. Yet, it is doubtful 
whether this reaction occurred in the metabolism of glucose in 
our culture media, since the yield of lactic acid Was not apparently 
related to the yield of other products. A maximum of 50 per 
cent of lactic acid and an equimolecular quantity of COs. were to 
be expected, according to this reaction. Besides, the reaction 
should yield much acetic acid, or if alcohol is present, approxi- 
mately equimolecular quantities of acetic acid and ethyl alcohol. 
None of these expected results was obtained. The high lactic 
acid yield and the appearance of only traces of acetic acid def- 
initely rule out this dismutation reaction as an important step 
in the anaerobic metabolism of carbohydrate by staphylococci. 


SUMMARY 


Two principal reactions appear to be involved in the inter- 
mediary metabolism of glucose in complex carbohydrate-rich 
culture media: first, conversion of from 77 to 91 per cent of the 
sugar into lactie acid; and secondly, further splitting of from 2 to 
17 per cent of the 3-carbon intermediates into ethyl alcohol and 
CO». Most likely the mechanism involved in the second reaction 


‘ 


T. KE. Friedemann 65 


is similar to that of yeast. The chief products of metabolism of 
glucose by rapidly growing staphylococci are lactic aeid, ethyl 
alcohol, and COs. 


BIBLIOGRAPHY 


. Kendall, A. I., Farmer, C. J., Bagg, FE. P., Jr., and Day, A. A., J. Biol. 


Chem., 12, 219 (1912). 
Kendall, A. I., Friedemann, T. E., and Ishikawa, M., J. Infect. Drs., 
47, 38 (1930). 


. Krebs, H. A., Biochem. J., 31, 645 (1937). 
. Barron, E.S. G., and Lyman, C. M., J. Biol. Chem., 127, 143 (1939). 
. Kendall, A. I., Bacteriology, General, pathological, and intestinal, 


Philadelphia, 3rd edition (1928). 


. Friedemann, T. E., J. Bact., 36, 527 (1938). 

. Friedemann, T. E., J. Biol. Chem., 123, 161 (1938). 

. Neuberg, C., and Kobel, M., J. Bact., 28, 461 (1934). 

. Barron, Ek. 8S. G., and Miller, C. P., Jr., J. Biol. Chem., 97, 691 (1932). 
. Krebs, H. A., and Johnson, W. A., Brochem. J., 31, 645 (1937). 


| 
¥. 
| 
| 
6 
8 
q a 
10 
| 
~ 
et 
iy 
| 
| 
| 


| 
| 
| (. 
| n 
| 
li 
b 
| 
| 
| of 
SU 
| to 
th 


? 


THE CONVERSION OF METHIONINE TO CYSTINE: 
EXPERIMENTS WITH RADIOACTIVE SULFUR* 


By HAROLD TARVER ann CARL L. A. SCHMIDT 


(From the Division of Biochemistry, University of California 
Medical School, Berkeley) 


(Received for publication, June 12, 1939) 


There is a considerable amount of evidence available which 
indicates that the animal organism can convert methionine to 
cystine (1-4). However, no experiments appear to have been 
carried out that have proved that a particular atom present in 
methionine appeared in cystine when the former amino acid was 
fed to animals. It was the object of the present study to supply 
this evidence. 

Radioactive sulfur (S*®) was employed as an indicator for the 
conversion of methionine to cystine. This isotope is well adapted 
to experiments of this type, since its half life is about 80 days 
(5). Unfortunately, the “softness’’ of its radiation makes its 
estimation difficult unless the content of radioactive sulfur in the 
sample is considerable. 

A survey of the methods available for the synthesis of methio- 
nine shows that most methods are unsuited when the starting 
material is elementary sulfur. Methyl mercaptan is not easily 
prepared from sulfur. Moreover, this compound possesses cer- 
tain undesirable physical characteristics. A more suitable 
method is that of Patterson and du Vigneaud (6) which employs 
benzyl mercaptan for the synthesis of homocystine or methi- 
onine. ‘This compound may readily be prepared from sulfur. 

On repeating the work of Patterson and du Vigneaud, we found 


* Aided by a grant from Eli Lilly and Company, and the Research Board 
of the University of California. Technical assistance was supplied by the 
Works Progress Administration. The radioactive sulfur was kindly 
supplied by Professor k:. O. Lawrence and the staff of the Radiation Labora- 
tory. We wish to express our thanks to Dr. W. F. Libby for determining 
the radioactivity of the sulfur-containing specimens. 
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that their data could easily be duplicated. Ixamination of the 
yields shows that most of the loss occurs in the steps that involve 
the conversion of benzylthiolethylmalonic acid to benzylhomo- 
cystine. Sodium malonate was therefore replaced by sodium 
phthalimidomalonate. The stepwise hydrolysis of the product 
with sodium hydroxide and hydrochloric acid resulted in a better 
yield of benzylhomocystine, together with a little simplification 
in manipulation. With this modification it was found possible 
to synthesize methionine readily from sulfur containing S*°. 


EXPERIMENTAL 
Synthesis of Methionine 


Benzyl Mercaptan — An intimate mixture of 3.2 gm. of iron and 
0.2 gm. of norit was fused in a small sealed bomb tube with 1.60 
gm. of sulfur containing the radioactive isotope. When all of 
the sulfur had disappeared, the cold tube was opened and hydro- 
gen sulfide was generated by treating the metallic sulfide with 
HCl in a small gas generator. Previous experiments had shown 
that by this method 98 per cent of the sulfur is converted into 
volatile sulfide. 

The gas was passed into two generators in series containing the 
requisite volume of 2.0 N alcoholic KOH in order to produce 
the monopotassium salt of hydrogen sulfide. ‘The product was 
brought into reaction with the theoretical weight of freshly dis- 
tilled benzyl chloride dissolved in 2 volumes of dry ether, by 
adding the chloride slowly over a period of about | hour. <A 
part of the hydrogen sulfide escaped the reaction and was regen- 
erated and treated with more benzyl chloride. The total yield 
of benzyl mercaptan was determined by titration with iodine. 
The yield was 70 per cent of the theoretical. 

The ether solution of the mereaptan was dned with calcium 
chloride, the ether was distilled off, and the water-clear product 
was used in the following reaction. 

Benzylthiolethyl Chloride—-The benzyl mercaptan was dissolved 
in 9 ce. of absolute methyl aleohol containing the theoretical quan- 
tity of sodium required to produce the sodium mercaptide, and 
28 cc. (10 moles) of ethylene dichloride were added. The reac- 
tants were well mixed and the reaction proceeded gently. Com- 
pletion of the reaction was insured by heating the mixture to the 
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boiling pomt after the spontaneous reaction had subsided. After 


cooling and acidification, 50 ce. of water were added and the layers 
were separated. The aqueous layer was extracted with two small 
portions of ethylene dichloride. Calcium chloride was used to 
dry the combined organie solvent solutions, which were then sub- 
jected to distillation at reduced pressure. The ethylene chloride 
excess was distilled off carefully, the pressure was lowered, and the 
fraction boiling at 116-124° and 2 to 3 mm. was taken. 

The yield was 4.4 gm. or 47 per cent of the theoretical on the 
basis of the original weight of sulfur. 

Benzylthiolethyl Phthalimidomalonic  Ester--Fresh sodium 
phthalimidomalonate was prepared and 8 gm. of this substance 
were heated with the previously obtained product in a stoppered 
flask at 170° for 4.5 hours. The reaction product was obtained 
as an oil by extracting several times with toluene. In previous 
experiments it had been found impossible to erystallize the 
product. The crude material, therefore, was subjected to hy- 
drolysis. 

Benzylthiol-2-Phthalamidopropane-3 ,38-Tricarboxylic Acid —The 
oily product freed from toluene was hydrolyzed by heating it 
on the steam bath with 10 ce. of 95 per cent alcohol and 25 ce. 
of 5 N NaOH. Hydrolysis was complete in 2 hours. The cold 
hydrolysate was treated with 125 ee. of ice-cold N HCl. After 
it had stood 30 minutes in the refrigerator, 40 ec. of 12 N HCl 
were added. The acid separated slowly in crystalline form in 
the refrigerator. It was filtered off after 2 days. The product 
was washed with a few ce. of ice-cold water. 

A portion of the same acid obtained in a previous experiment 
was purified by dissolving it in a few ec. of dilute alkali and 
reprecipitating with acid. Mp. 110-111° (corrected, with decom- 
position). 


Analysis Calculated for N 3.36, 7.68; found, N (micro- 
Kjeldahl) 3.36, 3.33, S (NavcOo-Na,CO, fusion) 7.86. Equivalent weight 
(titration in 50 per cent alcohol with alkali) of C);H:OSN (COOH), caleu- 
lated, 139.1; found, 142.0. 


S-Benzylhomocysteine- “The tricarboxylic acid was heated with 
110 ce. of hot water and 13 ce. of 12 N HCl on the steam bath for 
90 minutes, 65 ec. more of the HCl were added, and the heating 
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was continued for 45 minutes. To prevent bumping, the solu- 
tion was stirred mechanically during the reaction. On cooling 
in the refrigerator, phthalic acid separated and was filtered out. 
The clear solution was then distilled at reduced pressure to re- 
move the free HCl and benzylhomocystine was precipitated by 
adjusting the reaction to pH 6 with ammonium hydroxide. The 
precipitate was allowed to settle in the refrigerator, filtered off, 
and well washed with ice water, alcohol, and ether. Yield 3.28 
gm. or 29 per cent (of crude product). 

Benzylhomocystine prepared by the same method and purified 
by reprecipitation and crystallization from a large volume of 
boiling water was subjected to analysis. 


Analysis —C,,H,;;O.SN. Calculated, N 6.22, S 14.23; found, N (micro- 
Kjeldahl) 6.14, 6.17, S (NasOQ.-Na,CO, fusion) 14.68 


Methionine-~The benzyl compound was dissolved in 120 ce. 
of dry liquid ammonia and reduced by stirring with small pellets 
of sodium until the blue color persisted. The slight excess of 
sodium was removed by adding a few drops of methyl iodide and 
the homocystine was methylated by adding 1.00 cc. of methyl 
iodide. After the ammonia was allowed to evaporate off, the 
residue was treated with a few cc. of water and then neutralized 
by adding concentrated HI carefully. Methionine crystallized 
in typical form from the aqueous solution. The product was 
recrystallized twice by dissolving it in a minimum volume of 
hot water, filtering, and pouring the solution into 3 volumes of 
absolute alcohol. The mother liquors were worked over to 
obtain an additional small amount of methionine, which was like- 
wise recrystallized. 

The total yield was 1.46 gm. or 19.5 per cent of the theoretical 
on the basis of the sulfur originally used. 

Sodium Sulfate-—The various sulfur-containing residues ob- 
tained in the preceding synthesis were fused with sodium peroxide 
and the sodium sulfate was isolated by neutralizing the fusion, 
which was dissolved in a large volume of water, to methyl! orange. 
The sulfate was then precipitated with a large excess of the Fiske 
benzidine hydrochloride reagent. The precipitate of benzidine 
sulfate was filtered off, washed with acetone, and neutralized to 
phenol red with 0.1. N alkali. The solution of free benzidine and 
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sodium sulfate was evaporated to a small volume, filtered, re- 
evaporated, refiltered, and finally reduced to a volume of about 
5 ce. The sulfate solution was freed from the last traces of ben- 
zidine by pouring it into 10 to 15 volumes of acetone. After cool- 
ing in the refrigerator, the sulfate was filtered out and dissolved 
in 118 cc. of water. | 

Methionine Feeding Experiments —The diet used for feeding the 
rats had the following per cent composition: casein 6.0, corn- 
starch 51.0, sucrose 15.0, salt mixture (Hubbell, Mendel, and 
Wakeman (7)) 3.0, lard 20.0, Galen B (Type 2) 3.0, fullers’ earth 
adsorbate 0.2, and cod liver oil 2.0. The diet was made up 
fresh about every 10 days. In the case of Rats 20 and 24, 0.15 
per cent of methionine containing the radioactive isotope was 
added to the diet. Rat 22 was injected subcutaneously with a 
solution of the methionine which provided 15 mg. per day. 

The diet of Rats 32, 34, and 37 was supplemented with 0.15 
per cent of ordinary methionine. 0.1 per cent of radioactive 
sodium sulfate was incorporated into the diet, the sulfate being 
in the form of the previously described solution. The data are 
given in Table I. 

On the 22nd day, Rats 20, 22, and 24 were clipped as com- 
pletely as possible. 

Rat 37 was fed over the whole experimental period with the 
radioactive sodium sulfate. In the case of Rats 32 and 34, this 
was not possible, owing to lack of material. From the 26th to 
the 386th day, no sulfate was fed. The sulfate that was ex- 
ereted was recovered from the urine by the previously indicated 
benzidine method. From the 36th day, the recovered NaeSO, 
was added to the diet in amounts proportional to the number of 
days which the excretion represented. The excreted sulfate 
from Rat 37 was divided between Rats 32 and 34. 

Isolation of Cystine from Rat Tissues--The newly grown hair 
of Rats 20 and 22 was clipped off at the conclusion of the experi- 
ment (weight approximately 0.58 gm.). Qualitatively, the hair 
was radioactive when tested with the electroscope. 

Both lots of hair were hydrolyzed by boiling with 6 N HCI. 
The excess acid was removed at reduced pressure and the residue 
was dissolved in 35 ce. of 0.14 M sodium acetate-acetic acid 
buffer of pH 4.7. After filtration to remove humin, the buffered 
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digest was heated to the boiling point and precipitated with 
excess of cuprous oxide according to Graff, Maculla, and Graff 
(8). The precipitate was cooled in the refrigerator for 45 min- 


TABLE 


Feeding Experiments 


Rat 20 Rat 24 Rat 22 
Day Remarks 
Body weights 
Rats fed methionine 
gm. gm. gm. 
0) 70) 65 63 Diet, basal 
22 67 67 66.5 ‘ with methionine 
57 108 a9 104 
Food consumption in experimental period 
357 200) 347 
Intake of methionine with S* 
0.38 0.43 0.52 
Rats fed NasSO, 
Rat 32 Rat 34 Rat 37 
Body weights 
0) QS S4 100 Diet, basal 
14 74 77 82 ‘* with methionine and 
NaSO, (with S*) 
44 126* 
D4 146 152 


Food consumption in experimental period 
472 460 325 
Intake of NasSO, (with 


0.13 0.13 0.315 


* Weight on the day the animal was killed. 


It was then washed six times with 


utes before centrifuging. 
Following 


warm citrate-acetic acid buffer solution of pH 3.7. 
this washing, the precipitate was suspended in 40 cc. of 0.1 N 
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HCl, and decomposed with HS over a period of 3 hours. The 
copper sulfide was centrifuged down and the solution was filtered. 
The sulfide precipitate was again suspended in 10 ec. of hot 
0.1 N HCl and retreated with HeS. The combined filtrates were 
evaporated to dryness at reduced pressure and the residue was 
taken up in a small volume of water and neutralized carefully 
with dilute sodium hydroxide. From this solution the cystine 
was precypitated in amorphous form by the addition of 3 volumes 
of alcohol. It was dred with ether. 

The cystine was dissolved in a minimum volume of dilute am- 
monia, filtered, and reprecipitated by addition of dilute acetic 
acid. Finally, the precipitate was dissolved in a known volume 
of 0.1 N HCl and reprecipitated by adding the calculated quantity 
of NaOH very slowly with stirring. The part of the cystine which 
was thus precipitated was crystalline and appeared as do the 
typical hexagons of this substance. However, a good part of the 
cystine remained in solution. 

The residual solutions of the cystine not obtained in crystalline 
form were concentrated to 25.0 ce. Aliquots of the solution were 
precipitated with cuprous chloride solution in potassium chloride 
according to Roussouw and Wilken-Jorden (9) and Medes (10). 
The precipitates were well washed with the previously employed 
buffer solution of pH 3.7 and analyzed for sulfur by digestion with 
the Pirie (11) reagent, and for nitrogen by the micro-Kjeldahl 
method. 

For purposes of determining the nitrogen by this method, it 
has been found convenient to precipitate the cuprous compound 
of cystine in a pear-shaped micro-hKjeldahl digestion flask with a 
depression at the bottom to receive the precipitate. This avoids 
the awkward procedure of transferring the cuprous precipitate 
from a centrifuge tube to a digestion flask. 

The Pine digestions were carried out in small Pyrex test-tubes. 
After the digestion was completed, the contents of the tubes were 
evaporated down to dryness and afew drops of 6N HCI] were added. 
The final residue was taken up in 2 ec. of 0.02 N HCl, an equal vol- 
ume of acetone was added, and the benzidine sulfate-containing pre- 
cipitate was titrated at the boiling point with standard 0.01 or 
0.02 N alkali to the first pink color of phenol red. It is im- 
portant that the alkali be standardized under identical conditions. 
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The residues of cystine from Rat 22 contained 0.01291 and 
0.01255 mm of N and 0.01329, 0.01331, and 0.01284 mM of S 
per ce. 

The sodium sulfate-benzidine solutions resulting from the di- 
gestion of the cystine mercaptide precipitates were combined 
after titration. To these solutions were added sufficient 0.1 
N H.SQO, to make 10.0 ce. of 0.1 N HeSO, in solution. ‘Then the 
volume was increased to about 300 ec. and, after addition of 
10 cc. of 12 N HCl, the sulfate was precipitated with barium 
chloride. 

The crystalline cystine from the hair of Rats 20 and 22 was 
weighed out in portions which were digested with the Pirie 
reagent, and the sulfur was determined as before. 


Calculated, S 26.70; found, 26.67, 26.78 


The sulfate solutions from the two different cystine samples 
were combined and, after addition of sufficient 0.1 N H.SO, 
to give a final content of 10 cc. of 0.1 N H.SO,, the solution was 
filtered and precipitated with barium chloride. 

The skin of Rat 20 was cut into small pieces and denatured 
by dropping it into acetic acid-sodium acetate buffer (0.5 M) at 
pH 4.7. The protein was then ground up fine and dried at 65- 
70°, following which it was extracted for 24 hours in a Soxhlet 
apparatus with 95 per cent alcohol, 5 hours with dry ether, and 
11 hours with 95 per cent alcohol. After drying, the 4.25 gm. 
residue was hydrolyzed with 300 cc. of 6 N HCl. The excess of 
acid was distilled off at reduced pressure; the residue was dis- 
solved in water and brought to pH 4.7, precipitated with cuprous 
oxide, washed six times with hot sodium citrate-acetic acid buffer 
at pH 3.7, decomposed with HS, filtered, and the filtrate was di- 
gested with Pirie’s reagent. 

The denatured fat-free proteins from the whole carcasses of 
Rats 32, 34, and 37 were hydrolyzed and the cystine precipi- 
tated. In the case of the cystine from Rat 32, the mercaptide 
precipitate was decomposed with HS, and then, after removal 
of the H.S, the solution was reprecipitated with cuprous oxide. 
The sulfur was then converted into sulfate in the usual manner. 
The humin was similarly digested. 

Sufficient 0.1 N HeSO, was added to the sulfate solution re- 
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sulting from digestion of the eystines of Rats 20, 24, and 387 to 
make a total equivalent of 50 ec. of 0.1 N, and of Rats 32 and 34 
to make a total equivalent of 75 ee. of 0.1 N. The humin sulfate 
solution was made up to 25 ec. of 0.1 N H.SO,. All of these 
solutions were precipitated with barium chloride. 

Determination of Radioactivity In order to determine the radio- 
activity with any accuracy, it is necessary that the precipitate be 
spread uniformly in as thin a layer as possible on a surface of such 
an area that there is less than 7 mg. per sq. cm. ‘To attain this 
object, a specially prepared filter was used. The neck was broken 
off a large Buchner funnel with a porous porcelain surface. The 
surface was then ground flat and a glass neck part in the form of 
a cylinder was prepared from a bottle of 8.1 em. internal diameter. 
The edges of the cylinder were ground flat so that, with the aid of 
a spring arrangement, the neck could be clamped on to the sur- 
face of the porcelain filter with a piece of suitable paper (What- 
man No. 42) between the parts. The barium sulfate-containing 
solution was filtered with moderate suction. Thus the barium 
sulfate precipitate settled into a thin and even layer on the paper. 
The sides of the glass cylinder were carefully washed down with a 
little acetone so as to create the minimum of disturbance of the 
sulfate precipitate on the paper. 


Area of filter surface, 51.5 sq.cm.; weight of BaSO, (employed when 
possible), 0.1167 gm.; or weight of BaSO, per sq.cm., 2.26 mg. 


Standard radioactive samples of barrum sulfate were prepared 
from the radioactive methionine by fusion with the modified 
Benedict-Denis reagent of Rutenber and Andrews’ (12), 
or by fusion with a mixture of sodium peroxide and sodium 
carbonate. The total sulfate in the solution was adjusted in all 
cases, except in Sample 5, to 10 ec. of 0.1 N H»SO,y. In Sample 
9, 79 cc. of 0.1 N HeSO, were present. All samples were precipi- 
tated with barium chloride. | 

The radioactivity of all samples was very kindly determined by 
Dr. W. F. Libby using the sereen wall Geiger counter (13). The 
activity is expressed as counts per minute (Table IJ). 

The low result in the case of Sample 5 is due to the great loss 
which occurs as a result of self-absorption of the radiation in the 
sample when the layer is too thick (17.0 mg. of BaSO, per sq.cm.). 
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The radioactivity of the sodium sulfate used for feeding Rats 
32, 34, and 37 was also determined in the usual manner. Counts 
per 10 mg. of sodium sulfate per minute, 2350 + SO; counts per 
15 mg. of methionine per minute, 3490 + 160. 


TABLE II 
Radioactivity of Synthetic Methionine* 


Sample No. Methionine S present Counts per mg. per min. 
ma. mg. 
2.69 125 SOOO + 200 
2 3.21 0.150 100 + 300 
4.03 0. 187 4800 + 200 
4 5.38 1). 250 9100 + 200 
5 2.69 0.125 1700 + 200 
b 5.73 (). 266 SOOO + 200 


* Determined on BaSQ,. 


III 
Radioactivity of Isolated Cystine* 


(‘ounts per mg. 


Sample source > per min. 
mag. 

Hair, crystalline, Rat 20 2.56 520 + 20 
‘non-crystalline, Rat 20... 8.16 470 + 20 
7.60 5OO + 20 

Skin, Rat 20... 19.4 3 

Total carcass, Rat 24 | 15.1 oot I 
| 66.4 64+ 7 
humin, Rats 32, 34, 37 22.7 8.6+ 7 


* Determined on BaSQ,. 


The radioactivity of the sulfate from the various cystine 
samples was determined at the same time (Table ITI). 

Sulfur Exchange Experiment—The sodium sulfate was recov- 
ered from the urine of Rats 32, 34, and 37 by the benzidine 
method. By use of the St. Lorant (14) reagent, the dry sulfate 
was converted to HS and collected in dilute sodium hydroxide. 
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Part of the HeS was oxidized to sulfate with alkaline H.O>s, the 
sulfate was precipitated as barium sulfate, and the radioactivity 
determined. 


Total 8 (as H.S), 77.5 mg.; counts per mg. S per minute, 110 + 5 


The H.S solution was well cooled in ice in an open bomb tube 
and brought to approximately pH 7.2. <A test-tube containing 
0.56 gm. of cysteine hydrochloride and 5 gm. of a phosphate 
mixture to give pH 7.2 was suspended in the solution and the 
bomb sealed. The contents of the bomb were then mixed and 
heated in an oven at 100° for 1 hour. Cystine was separated 
from the solution in the usual manner. The sulfur was recovered 
from the cystine and the radioactivity determined. ‘Total cystine 
treated with radioactive HoS gave —1.7 + 6 counts per minute. 


DISCUSSION 


The results shown in Table III show definitely that the eystine 
obtained from rats that were fed methionine containing radioac- 
tive sulfur is radioactive. Moreover, the cystine from the rats 
fed sodium sulfate containing the radioactive isotope in compara- 
ble amounts contained no radioactive sulfur. Also, the sulfur in 
cystine, as shown by the exchange experiment, appears not to 
exchange with the sulfur in hydrogen sulfide at pH 7.2. 

It is concluded, therefore, that the sulfur in methionine, when 
either fed or injected, may appear in the organism as the sulfur 
of cystine, and it is also probable that the conversion is a direct 
one due to demethylation of methionine and loss of a carbon atom 
from the chain. 

Apparently the first step in the conversion of methionine to 
cystine involves demethylation with the formation of homocys- 
teine. There is considerable indirect evidence to support. this 
assumption. First, homocystine is able to replace either cystine 
or methionine in the diet (15); second, when methionine is fed to 
rabbits, a substance with the properties of the thiolactone of 
homocysteine appears in the urine (16); and third, in normal 
urine there is more disulfide than corresponds to the cystine 
present (17). 

Brand, Block, Kassell, and Cahill (18) have already advanced a 
hypothesis to account for the conversion of homocysteine to cys- 
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teine on the basis of very meager evidence; namely, the presence 
of the mixed disulfide of acetic and aminopropionic acids in the 
urine after S-carboxymethyleystine is fed. When fed, this 
cystine derivative does not support growth. They assume that 
the disulfide arises as follows: 


— HSCH,COOH (1) 
HSCH.COOH + HSCH,-CH(NH,)COOH -> 
(2) 


However, the evidence that these authors presented purporting 
to show the presence of the disulfide resulting from reaction (2) 
is by no means conclusive. Consequently, the hypothesis that 
cysteine arises from the mixed sulfide of aminobutyrie and amino- 
propionic acids, which is assumed to be formed from homocysteine, 
may be seriously questioned. 

It may also be mentioned that, with the exception of methio- 
nine, mixed sulfides are utilized with difficulty by the organism, 
whereas the conversion of methionine to cystine takes place with 
relative ease. 

In view of the recent discovery by Stekol (19) that S-benzyl- 
cysteine, when fed, is excreted as the acetyl derivative, one might 
reasonably expect S-carboxymethyleysteine to be’ excreted in the 
same manner. The work of Brand, Block, Kassell, and Cahill 
does not rule out this possibility. 

In its essence, the hypothesis which has just been considered 
visions the conversion of methionine to cystine as involving the 
transfer of sulfur from one carbon chain to another, a process 
that might be associated with considerable loss of sulfur by oxi- 
dation. However, the cystine requirements of the animal may be 
met by an approximately chemically equivalent amount of methi- 
onine according to Bennett (20), so the loss would not appear to 
be great. In view of these objections, a hypothesis is proposed 
which does not assume the transfer of the sulfur from one carbon 
chain to another, but rather the rearrangement of the thiol group 
from a y toa atom of the same chain (homocysteine). This 
may be expressed as in the accompanying reactions. 

The rearrangement may be facilitated owing to the fact that 
homocysteine readily forms a thiolactone; the whole reaction may 
then proceed as postulated without further oxidation (oxidative 
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CH, CHSH CH-NH, 
—> 

CH-NH, CH-NH, COOH 

| 

COOH COOH 


deamination), owing to the protection of the amino and carboxyl 
groups by peptide formation. If the intermediate as written, 7.e. B- 
methyleysteine, is actually formed, it may be anticipated that the 
methyl group is removed by w oxidation followed by decarboxyla- 
tion. This substance, however, is not necessarily the actual 
rearrangement intermediate. 

The present work shows that it is possible to introduce into 
proteins a radioactive atom with a sufficiently long half life 
(about 80 days) so that it may be useful in studying certain 
phases of protein metabolism as well as the more obvious appli- 
cations to the study of the special reactions of sulfur amino acids 
and related compounds in the organism. Work in this field is 
being continued. 


SUMMARY 


1. Radioactive sulfur has a sufficiently long half life and may 
be prepared in samples of sufficient strength, 7.e. ratio of S*® 
to S*, so that it may be employed in extended biological experi- 
ments such as feeding experiments. 

2. It has been demonstrated that S*, when fed to rats as 
methionine, may appear as cystine. 

3. S*, when fed to rats as sulfate, does not appear in cystine. 

4. The sulfur of cysteine does not exchange with the S*® present 
in hydrogen sulfide under the conditions of the experiment. 

5. A marked atom (sulfur) of considerable stability may be 
introduced into the protein molecule. 
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THE SPECIFICITY OF TRYPSIN. II 


By KLAUS HOFMANN*® ann MAX BERGMANN 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 24, 1939) 


Some time ago it was found that a-hippuryl-/-lysineamide is 
hydrolyzed by a mixture of tryptic enzymes with the formation of 
hippuric acid, lysine, and ammonia (1). Later (2) it was reported 
that both chymotrypsin and a three times recrystallized prepara- 
tion of trypsin did not hydrolyze hippuryllysineamide at pH 7.6 
to 778. It was concluded that the above hydrolysis was attrib- 
utable to a new enzyme which was designated heterotrypsin. 
Finally (3), there was obtained, from beef pancreas, a crystalline 
enzyme preparation which exhibited a very high activity towards 
hippuryllysineamide but showed only slight activity towards 
benzoylarginineamide and therefore seemed to contain only traces 
of trypsin. These findings were regarded as indications for the 
individuality of heterotrypsin. 

It has now been observed that trypsin is so powerful a catalyst 
for the hydrolysis of hippuryllysineamide that, with the quantity 
of enzyme that was applied in our earlier experiments, the maxi- 
mum hydrolysis is reached before the zero point titration can be 
performed. Consequently, the following titrations show no further 
increase in carboxyl and therefore cannot reveal the fact that the 
substrate is split by the enzyme. 

The action of crystalline trypsin upon hippuryllysineamide 
consists in the hydrolytic splitting of one peptide bond. One of 
the split-products is ammonia; the other, isolated after treatment 
with carbobenzoxy chloride, is a-hippuryl-e-carbobenzoxylysine. 
Therefore, a-hippuryllysine must have been formed during trypsin 
action upon the amide. 

Crude preparations of trypsin frequently contain carboxy- 


* Fellow of the Rockefeller Foundation. 
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peptidase. Preparations of this kind hydrolyze hippuryllysine, 
which is formed as an intermediary product, to hippuric acid and 
lysine. 

In the first paper on trypsin specificity (4) it was reported 
that trypsin hydrolyzes benzoylarginineamide. It has now been 
found that benzoyllysineamide also is split by trypsin. The 


TABLE |! 


Behavior of Synthetic Substrates towards Crystalline Trypsin* 


Substrate soli ts 
knzyme ubstrate pH Time drolysis Isolation of product 


mg. protein Ars per cent 


per cc. 
0.08 Benzoyl-l-arginine- 7.2 0.5 46 Benzoyl-l-arginine 
amide HC] 
2 s4 
4 102 
0.08 a-Benzoyl-l-lysine- 7.1 43 08% of theory 
amide HC! 3 75 
4 | 85 
21 | 112 
0.032 a@-Hippuryl-l-lysine- 7.2 75 a-Hippuryl-e-carbo- 
amide | 86 benzoxy-l-lysine, 
19 | 104 88% of theory; 
NH; 90% of 
theory 
0.08 | a-Benzoyl-e-carbo- 7.2 23 0 
benzoxy-l-lysine- 50 
amide 
0.08 a-Hippuryl-e-earbo- 7.2 23 0 
benzoxy-l-lysine- i 
amide 


* This preparation was purified with trichloroacetic acid, followed by 
recrystallization (5). 


previous Observation that this compound is resistant to the 
enzyme is therefore incorrect. In order to digest benzoylly- 
sineamide and hippuryllysineamide with a similar speed, it is 
necessary to employ for benzoyllysineamide 10 times as much 
trypsin as for hippuryllysineamide. The course of the tryptic 
hydrolysis of hippuryllysineamide, benzoyllysineamide, and ben- 
zoylarginineamide is reported in ‘Table I, while the actions of 
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various trypsin) preparations upon hippuryllysineamide are 
compared in Table II. 
All the hitherto found synthetic substrates for crystalline trypsin 


eontain a basic amino or guanidino group, but no free carboxyl. 


TABLE II 
Hydrolysis of a-Hippuryl-l-Lysineamide Hydrochloride with Various 
Preparations of Crystalline Trypsin 
Hy- 
drolysis 


Enzyme preparation pH Time 


hrs. per cent 


Crystallized trypsin, precipitated with trichloroacetic 7.2 I 75 
acid followed by recrystallization (5); 0.032 mg. 3 86 
protein N per ee. 19 | 104 

Same preparation; 0.0064 mg. protein N per ce. 7.2 | 32 

2 4] 
3 | 60 
24 | 94 

3 times recrystallized trypsin prepared from trypsino- 7.1 

gen by mold kinase (6);* 0.030 mg. protein N per ee. 2 
28 100 

Same preparation; 0.0060 mg. protein N per ec. 7.2 | 22 
2 42 

3 | 50 

24 98 

Once crystallized trypsin;f 0.024 mg. protein N perce. 7.1 1 63 
3 82 

28 99 

Same preparation; 0.0048 mg. protein N per ec. 7.2 1 Is 
2 | 40 

3 48 

7 67 

24 90 


* This preparation was placed at our disposal by Dr. J. H. Northrop. 
+ This preparation was placed at our disposal by Dr. G. M. Meyer. 


If the free amino group in hippuryllysineamide is masked-~as, for 
example, in a-hippuryl-e-carbobenzoxylysineamide and in a- 
benzoyl-e-carbobenzoxylysineamide— then trypsin has no hydro- 
lyzing effect at all. In our substrates, therefore, the basie group 
seems to be indispensable for the action of trypsin. 
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Since the hydrolyses previously attributed to heterotrypsin 
have now been shown to be performed by crystalline trypsin, it 
is no longer necessary to assume the presence, in pancreas, of 
heterotrypsin as a separate enzyme. 

As will be seen from the description in the experimental sec- 
tion, the hydrochlorides of both hippuryllysineamide (1) and 
benzoyllysineamide (7), which have heretofore been known only 
as unpleasantly hygroscopic masses, have now been obtained as 
well formed, stable crystals. These lysine derivatives were found 
to give low nitrogen values when analyzed by the micro-Kjeldahl 
method, but to give correct values when analyzed by the micro- 
Dumas method. 


The authors wish to express their thanks to Mr. Stephen M. 
Nagy who performed the analyses reported in this paper. 


EXPERIMENTAL 


a-Hippuryl-l-Lysineamide Hydrochloride—7 gm. of three times 
recrystallized a-hippuryl-e-carbobenzoxy-l-lysineamide (1) were 
hydrogenated catalytically in methanol containing 16 ec. of N 
hydrochloric acid. The catalyst was filtered off and the filtrate 
evaporated down. ‘The resulting syrup crystallized after standing 
a short time with a few drops of methanol. The crystals were 
purified by recrystallization from a mixture of methanol and 
ethyl acetate. Short prisms melting at 255-258° were obtained; 
yield, 4.5 gm. 


CisHe303N,Cl. Calculated. ‘3 52.5, H 6.8, N 16.3, C] 10.4 


342.6 Found. * 41, 10.4 
= —11.7° (5% in H.O) 
lalp = —11.4° 6% “ “ ) 


To 342.6 mg. of a-hippuryl-l-lysineamide hydrochloride dissolved 
in 5 ee. of M/3 phosphate buffer of pH 7.7 there was added 0.5 
ec. of a trypsin solution containing 0.75 mg. of protein N per cc., 
and the mixture was kept at 40° for 20 hours. 500 mg. of carbo- 
benzoxy chloride and 4 cc. of 2 N NaOH were then added and the 
mixture was shaken for 15 minutes. The solution was acidified 
to Congo red and extracted with ethyl acetate. The ethyl acetate 
solution was extracted with dilute bicarbonate solution, and the 
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bicarbonate extract acidified to Congo red and extracted with 
ethyl acetate. The ethyl acetate layer, after being washed with 
water, dried with NaeSOs, and evaporated down, yielded 437 
mg. of an oil which soon crystallized. The substance was washed 
with a little ether. M.p., 148-149°. Yield, 388 mg. or 88 per 
cent of the theory. The material was a-hippuryl-e-carboben- 
zoxylysine. ‘This substance was also obtained by saponification 
of a-hippuryl-e-carbobenzoxylysine methyl ester, as deseribed 
in the following paragraph. A mixture of both preparations 
melted at 148-149°. 


CosHe7OgN3. Caleulated. C 62.6, H 6.2, N 9.5 


a-Hippuryl-e-Carbobenzoxry-l-Lysine--1.0 gm. of a-hippuryl-e- 
carbobenzoxy-l-lysine methyl ester (7) was suspended in a mix- 
ture of 10 ce. of methanol and 2.5 ce. of N NaOH and shaken for 
30 minutes. The methanol was removed in vacuo and the re- 
sulting aqueous solution extracted with ethyl acetate to remove 
unsaponified material. The aqueous layer was_ acidified to 
Congo red and again extracted with ethyl acetate. The ethyl 
acetate solution was washed several times with water, dried over 
sodium sulfate, and evaporated. The resulting crystals were 
recrystallized from ethyl acetate. M.p., 148-149°. Yield, 900 mg. 


Calculated. C 62.6, H 6.2, N 9.5 


a-Benzoyl-l-Lysineamide Hydrochloride—This substance was 
prepared as previously described (7). The oily material crystal- 
lized after standing several days with a few drops of water. It 
was recrystallized from a mixture of methanol and ethyl acetate. 
The crystals (needles) melted at 200-202°. Yield, 600 mg. 
from | gm. of starting material. 


CysHepO2N3Cl. Calculated. C 54.6, H 7.1, N 14.7 
[a]p = +3.3° (2.8% in H,O) 
Enzymatic Studies 


Solutions of the enzyme were made up in 0.05 nN HCl. The 
concentration of the synthetic substrates was 0.05 mM per cc. in 
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all cases. ‘The solutions were buffered by M/15 phosphate buffers. 
All the pH values reported in this paper have been measured by 
the glass electrode. The temperature in all cases was 40°. The 
liberated carboxyl groups were measured by the method of 
(;rassmann and Heyde (8). Enzyme blanks and controls to 
test the lability of the substrates in the absence of trypsin were 


performed. 
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THE EFFECT OF ORANGE JUICE ON CALCIUM 
ASSIMILATION 


By CAROLINE SHERMAN LANFORD 


(From the Department of Chemistry, Columbia University, New York) 
(Received for publication, June 17, 1939) 


Chaney and Blunt (1925) reported that orange juice in some 
way favored the retention of caletum by growing children. From 
our studies on certain aspects of citric acid metabolism (Sherman 
et al., 1936) it seemed possible that this effect might have been 
due in part to the mixture of citric acid and citrates present in 
the orange juice, and preliminary experiments in 1935-36 gave 
some support to this view. The present paper deals with the 
effects of orange juice as a supplement to a wheat and milk mix- 
ture, in particular with regard to the efficiency of utilization of the 
food calcium. 

EXPERIMENTAL 


Basal Diet —Vhe basal diet consisted of 5 parts of ground whole 
Wheat and | part of dried whole milk, with added sodium chloride 
equivalent to 2 per cent of the wheat. Analysis of a composite 
sample of the diet fed in these experiments showed it to provide 
0.205 gm. of calcium in 100 gm. of the air-dry food mixture. 
From previous work the phosphorus content may be estimated at 
about 0.44 per cent and the energy value at 3.78 kiloealories per 
gm. 

Orange Juice-A quantity of orange juice sufficient for the 
entire experiment Was reamed from Florida non-Valencia oranges 
by means of an electrical rotary extractor, passed threugh a 
coarse sieve, transferred to small, amber, glass-stoppered bottles, 
quickly frozen, and held frozen until the day of feeding. Analysis 
of aliquot portions of this juice showed 0.0111 per cent of caleium 
and 0.75 per cent of total citrie acid. For calculating the caloric 

Citric acid was determined by the method of Pucher, Sherman, and 
Vickery (1936). 
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intake of the experimental animals, the value 0.513 kilocalorie 
per gm. of orange juice Was used. 

Conduct of Experiment Kleven litter mate pairs of rats, of 
the same sex and as closely as possible the same body weight, were 
selected at 28 days of age from families reared on the basal diet. 
The difference in body weight between members of a pair at the 
start of the experiment averaged 1.3 gm., the maximum difference 
in any instance being 2.5 gm. 

The animals were caged separately and their weight and food 
consumption noted at weekly intervals. 

The plan was to feed to one member of each pair 5 ce. of orange 
juice daily® and to allow the basal diet ad libitum to both members 
of the pair. Accordingly, the dry food mixture was kept at all 
times before the control animals. However, as it seemed desir- 
able--from the points of view both of simulating conditions of 
human feeding and of enhancing any possible effect of the orange 
juice on the utilization of the basal diet-—-to insure simultaneous 
ingestion of the basal diet along with the orange juice supple- 
ment, the procedure Was modified somewhat for the experimental 
group. In the late afternoon, the measured supplement of orange 
juice, mixed thoroughly with a quantity of the basal diet judged 
from experience to be slightly less than the usual daily intake, 
was supplied to these animals and the food cup containing the dry 
mixture Was removed from the cage. The predilection showed for 
the orange juice mixture, combined with the custom of eating 
principally during the night hours, usually resulted in nearly com- 
plete consumption overnight of the food so offered. In the morn- 
ing, any small amount of the supplement mixture adhering to the 
dish was seraped loose and left for the animal to eat. At the 
same time, the cup of basal diet Was returned to the cage. From 
observation we should estimate that, of the total amount of basal 
diet consumed by the experimental animals, at least three-fourths 
was ingested in the orange juice mixture. 

When the animals reached 60 days of age, they’ were killed by 
chloroform. The gastrointestinal tract was removed, and, after 
the weight of its contents had been determined, the tract was dis- 
earded. The whole remaining careass was then cremated and 


* kxcept on Sundays and on the day before the animal was to be killed. 
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the ash dissolved and analyzed for calcium by the volumetric 
modification of the MeCrudden method, as adapted in- this 
laboratory. 


Mathematical Treatment of Data 


The findings with regard to the body calcium are expressed in 
Table I as (1) total amount of calcium in the body at 60 days of 
age, (2) the calcium as percentage of the net body weight (7. ¢., 
the weight minus the weight of the intestinal contents), and (3) in 
terms of the percentage assimilation (storage or retention) of the 
dietary calcium (7. e., the calcium computed to have been stored 
during the 32 day experimental period referred to the total intake 
of calcium during the same period). For the latter caleulation, 
the estimate of the amount of body calcium at the start of the 
experimental period was based upon analyses at 28 days of age of 
rats of the same strain and dietary history, which indicate an 
average of 0.714 per cent of calcium in the net weight for male 
animals, and of 0.738 per cent of caleium in the net weight for 
female animals. The difference between the live weight and the 
net body weight at this age averages 5.0 gm. for both sexes. 

Table I gives the figures for the individual rats, arranged by 
pairs, as well as the mean results for the entire group of strictly 
parallel animals receiving each dietary treatment. In addition, 
there is given a third set of mean values which includes not only 
the eleven control animals initially paired with the eleven to 
receive orange juice but also seven other animals of the same back- 
ground which were likewise maintained on the unsupplemented 
basal diet under identical conditions during the same period of 
time. 

In an effort to predict statistically which of the apparent effects 
of feeding orange juice are very probably real and which are 
likely to be due to chance variations, the data have been analyzed 
in two Ways: (1) by the usual procedure of comparing the difference 
between the means of the respective groups with the probable error 
of this difference, and (2) by considering the difference within each 
pair between the animal given orange juice and its own control 
animal, according to the method of ‘Student’? (Fisher, 1938). 
The observed difference in percentage assimilation of the food 
‘aleium is clearly significant by either method of analysis, while 
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the effect on total body calcium is significant only when the differ- 
ences Within each pair are considered, and the differences in 
growth, gain per 1000 kilocalories, and percentage of body calcium 
are not “statistically significant’’ by either treatment with the 
number of cases at hand. 

As a further aid in interpreting the results, we have investigated 
the possibility of interdependence (within each dietary group) 
among such variables as gain in body weight during the experi- 


TABLE II 
Interrelationships between Gain in Weight between 28 and 60 Days of Age, 
Grain per 1000 Kilocalories, Percentage of Calcium in Net Body Weight, 
and Calcium Retained in Percentage of the Intake 


(‘oefficients of correlation with probable errors 


(;roup of 18 rats 
(;roup receiving Control animals orange 
orange Juice (11 rats) (11 rats) juice 


Gain 28-60 days, 

versus gain per 

1000 kilocalories +0.87 + 0.049 40.71 + 0.099 40.80 + 0.057 
Gain 28-60 days, 

versus body Ca, % 

of net weight —O0.80 + 0.072 —-0.84 + 0.059 —0.86 + 0.041 
(iain 28-60 days, 

versus re- 

tuined, % of in- | 

tuke | —0.052 + 0.20: +0.11 + 0.198 | —0.097 + 0.155 
(iain per LOOO kilo- 

calories, versus Ca 

retained, % _ of 

intake +0.090 + O.198 40.37 4 0.173 +0.124 4 0.155 


mental period, gain per 1000 kilocalories of food consumed, per- 
centage of calcium in the net body weight at 60 days, and per- 
eentage retention of the calcium ingested. The respective values 
for the correlation coefficient, ro with probable errors, are given in 
Table II for the interrelationships of greatest interest to this 
discussion. 

It will be remembered that a positive value for r indicates that 


* The correlation coeflicient was computed according to Pearson (Chad- 


dock, 1925). 
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a high value for one of the variables tends to be associated in the 
same individual with a high value for the other variable under 
consideration, and vice versa; whereas a negative value for r indi- 
eates a tendency for a high value of one variable to be associated 
with a low value for the other variable. Conservative statistical 
practice in interpreting 7 requires that the size of the coefficient 
shall be 4 times its probable error before it is considered indicative 
of any significant degree of association. The magnitude of r 
lies necessarily between zero and unity, and may, according to 
Chaddock (1925), be translated roughly into qualitative terms as 
follows: 


(1) A coefficient less than U.3, indicates a low degree of association and 
doubtful significance, especially if the number of related items is small. 

**(2) 0.3 and less than 0.5, indicates a moderate degree of association if 
the probable error is small. 

(3) 0.5 and less than 0.7, indicates marked association. 

““(4) 0.7 and less than 0.9, indicates a high degree of association. 

(5) 0.9 and over, indicates very close association and a very high degree 
of dependence between the variables.’’ 


DISCUSSION 


From ‘Table Lit will be seen that the animals given orange juice 
grew, on the average, about 10 per cent more rapidly than did their 
litter mates on the unsupplemented wheat and milk mixture, 
although there were four pairs of the eleven in which the control 
member made the larger weight gain. The somewhat greater 
average gain per 1000 kiloealories achieved by the group given 
orange juice appears to be related chiefly to this more rapid aver- 
age growth, for, under the eonditions of this experinjent, there 
exists a high positive correlation between the total gain in weight 
and the gain per 1000 kilocalories. 

The results show clearly that young, growing rats which re 
ceived orange juice stored a distinctly higher percentage of the 
calcium provided by the food mixture than did their litter mate 
control animals. ‘This effect Was apparent in each of the eleven 
pairs of animals studied. Statistical analysis of the data in either 
of the ways mentioned above indicates a high probability that this 
difference in percentage retention of calcium (88.61 as compared 
with 82.09) is real. 

When both groups of animals were allowed the basal diet ad 
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libitum, the addition of orange juice in effect slightly diluted the 
calcium of the diet so that, on the average, those animals receiving 
orange juice supplements had a total calcium intake of 0.525 gm. 
of calcium per 1000 kilocalories of food as compared with 0.550 
gm. of calcium per 1000 kilocalories of food consumed by the con- 
trol animals. However, this dilution effect seemingly cannot ac- 
count for the greater percentage utilization of dietary calcium, 
inasmuch as the group receiving orange juice achieved a signifi- 
cantly greater total (as well as higher percentage) storage of calcium, 
even on an average intake of calcium slightly lower than that of 
the control animals. 

Similarly, the higher percentage utilization of calcium in the 
orange Juice-supplemented wheat and milk mixture does not appear 
to be dependent upon the somewhat more rapid gains in weight 
made by rats on this régime. For, statistically, the correlation 
between gain in weight and percentage retention of food calcium 
is low under the conditions of the present study (Table II). It 
may also be noted in Table I that the larger group of control 
animals showed the same percentage retention of calcium as did 
the smaller group of control animals, despite the fact that they 
grew more rapidly. 

On the other hand, these experiments afford clear evidence of a 
high degree of negative correlation between the rate of growth 
from 28 to 60 days of age and the percentage of body calcium at 
60 days. Thus, the slightly lower percentage of body calcium 
showed by the animals given orange juice appears to have been 
due chiefly to their greater gain in weight rather than to any 
specific effect of the orange supplementation. Much more signif- 
icant is the fact that these animals, despite a lower calcium intake, 
assimilated a greater amount and a higher percentage of the food 
ealcium than did the control animals which received no orange 


juice. 


It is a pleasure to acknowledge the very great assistance of 
Mrs. Grace Guldin Stroup in this work. ‘The investigation of the 
possible influence of moderate amounts of orange juice and of 
citric acid-citrate mixtures on the assimilation of the calcium in a 
normal diet has been made possible by a grant from the Florida 
Citrus Commission and with rats from the laboratories of the 
Department of Chemistry, Columbia University. 
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SUMMARY 


Young, growing rats were fed moderate amounts of orange 
juice in addition to a basal wheat and milk mixture. The amount 
of juice given (5 cc. daily) corresponded on the average to about 
15 ec. per 100 kilocalories of diet consumed. 

The proportion of the calcium of the diet which was stored in 
the body under these conditions Was about 8 per cent greater than 
the proportion stored by control animals on the basal diet alone. 
This improved assimilation of the dietary calcium was noted in 
every instance, and was of unquestionable significance by the 
usual statistical criteria. 
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CHEMICAL DETERMINATION, STABILITY, AND FORM 
OF THIAMINE IN URINE* 


By DANIEL MELNICKT ann HENRY FIELD, Jr. 


(From the Department of Internal Medicine, Medical School, University 
of Michigan, Ann Arbor) 


(Received for publication, June 17, 1939) 


A specific method has been described (1) for the chemical 
determination of the thiamine content of biological materials, 
based upon the reaction between the vitamin and diazotized 
p-aminoacetophenone. It was pointed out that the limiting 
factor in the general application of the procedure to all types of 
biological materials is the efficiency of the zeolite adsorption. 
The presence of salts in the aqueous solutions interferes with the 
adsorption. In the analysis of substances rich in thiamine, such 
as wheat germ, rice polish, or yeast, the amount of salt in the 
extract is negligible. However, in urine one finds very small 
amounts of thiamine in solutions containing relatively large 
amount of salts. For this reason simple filtration of a urine sam- 
ple through the zeolite column is inadequate. The filter soon 
becomes ‘‘saturated”’ with salt and thiamine, so that very poor 
adsorption of the vitamin from the remaining solution occurs. 
Thus, determinations by means of direct adsorption of thiamine 
from 2 hour urine samples have given recoveries of added thiam- 
ine in the neighborhood of 60 per cent; while from 5 hour sam- 
ples, only 40 per cent of the thiamine is usually recovered. 

In the present study benzyl alcohol has been used as a solvent 
for the quantitative extraction of thiamine from concentrated 
urine, yielding an extract relatively free from salts. From this 
an aqueous solution can then be obtained suitable for the ad- 


* The expenses of this investigation were defrayed by grants from 
The Upjohn Company, Kalamazoo, and from the Rackham School of 
Graduate Studies, University of Michigan. 

t Upjohn Fellow in Clinical Research, 1937-40. 
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sorption procedure. The method to be deseribed should lend 
itself to general application. In this way interference with per- 
mutit adsorption in experiments conducted with extracts of cer- 
tain types of biological materials should be negligible. 


EXPERIMENTAL 


Chemical Determination of Thiamine in Urine ~The method 
developed and used in this laboratory involves virtually a quan- 
titative isolation of the vitamin from urine. 

1. The urine is collected in a bottle containing LO cc. of toluene 
and enough 10 per cent HoSO, to maintain the reaction at a pH 
less than 3. For a 24 hour specimen 20 ec. of the acid are used. 

2. The sample is adjusted to pH 5.0 with Congo red and brom- 
cresol green paper as outside indicators. 

3. The concentration in vacuo of the urine sample is carried 
out over a steam bath. Anhydrous NaeSO, (10 gm. to a 12 hour 
sample) and some small glass beads are added. The salt pre- 
vents the residue obtained after the concentration from becom- 
ing gummy and difficult to extract. The beads minimize bump- 
ing. <A closed system is used without the customary “breather,” 
since the vitamin is susceptible to oxidation. Fig. 1 shows the 
type of distilling head used.' If excessive foaming occurs, a few 
drops of benzyl alcohol are added from the dropping funnel. 

4. Just at the point when salts begin to precipitate out, 80 
ec. of benzyl aleohol are added and the concentration continued 
until the aqueous phase has almost completely disappeared. A 
few ec. of water should remain to insure that the mixture has not 
heen overheated. 

5. The mixture is transferred to a 250 cc. bottle, centrifuged, 
and the supernatant alcoholic solution decanted into a separatory 
funnel. Care must be exercised to avoid pouring over with the 
henzyl alcohol any of the aqueous phase, which is saturated with 
salts. The residue in the centrifuge bottle is vigorously agitated 
with 40 ce. of benzyl alcohol that was previously used to rinse 
the distilling head and flask. 

6. The alcoholic extract and washing are pooled and shaken 
with an equal volume of acidulated water and 4 volumes of ether. 
The aqueous layer is drawn off into another separatory funnel. 


''Two such distilling units attached to a common condensing system 
are employed to save time during the concentration procedure. 
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The organic layer? is again extracted with acidulated water and the 
pooled aqueous phases with ether.? The dissolved ether is re- 
moved from the aqueous phase by distillation in vacuo. All sam- 
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y hig. 1. Distillation unit for the concentration of urine in vacuo 
h ples to be run during the day are brought to this point before 
d proceeding with step (7) below. : 
?’The ether-benzyl alcohol solution from the first extraction is saved. 3 
When a quantity has accumulated, it is poured into shallow pans and the 
nl ether removed over live steam in a hood. The benzyl alcohol is recovered 
T. by distillation in vacuo (approximately at 100° at 10 to 15 mm. pressure) 4 
a], and used again for extraction. 
* The ether from the second extraction is saved in each case and used 
mM over again without redistillation. 
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7. The aqueous extract, now at pH 3.5 to 4.5, is subjected to 
permutit adsorption and elution according to the published 
method (1). It is advisable to save all the eluates and then 
set them up as a series with one standard for comparison, accord- 
ing to step (8) below. 

8. The entire 10 cc. of KCI eluate are used for the chemical 
test. The eluate contains no substances which interfere with the 
chemical reaction, so that no recovery of thiamine added to an 
aliquot is necessary at this point. The eluate is poured into a 
100 ee. centrifuge bottle and the empty tube washed with an 
equal volume of 95 per cent ethyl aleohol containing 50 mg. of 
phenol. ‘This washing is added to the eluate. After the addition 
of the thymol blue indicator and with nitrogen gas bubbling 
through the mixture, an NaOH solution’ is added dropwise until 
the first faint blue color appears. This is followed tmmedzately 
with 20 ce. of the diazotized p-aminoacetophenone reagent (2). 
The bottle is stoppered® and allowed to stand overnight at room 
temperature. The standard® is prepared in similar fashion with 
50 micrograms of thiamine in 0.5 cc. of acidulated water added 
to 9.5 ec. of a blank KCI eluate (1). On the following day the 
colored vitamin derivative is extracted by xylene (1). For the 
acidification-alkalization procedure (1) 10 ee. of 20 per cent 
H.SO, are used to acidify the mixture and an equivalent amount 
of 15 per cent NaOH added to restore the original alkalinity. 
After centrifugation the xylene layers of the unknowns are read 
against the xylene layer of the standard in a microcolorimeter.’ 


* Kjeldahl! sodium hydroxide is used until the end-point is almost 
reached, and then N NaOH is added to complete the adjustment. By using 
the concentrated alkali the volume of the buffered solution is not greatly 
increased. 

> Cork stoppers are used. 

On the day when a new permutit filter is used, an extra test is 
run with 50 micrograms of thiamine in 10 ec. of the 25 per cent KCl 
solution versus 50 micrograms of the vitamin in the blank eluate in order to 
evaluate the interfering effects of the dissolved permutit. On subsequent 
days when experiments are carried out on the same permutit filter, no 
blank eluates are obtained but to the 25 per cent KC] solution is added the 
amount of thiamine corresponding to that recovered in the blank eluate. 

’ To facilitate the withdrawal of the xylene layer, water may be added 
to the tube after centrifugation so that the xylene layer is lifted to the 
region of the constriction in the tube, hence making the layer deeper. A 
medicine dropper with a U tip is used to draw off the xylene without dis- 
turbing the aqueous layer. 
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It is possible for a single operator in an 8 hour day to carry out 
easily six complete determinations of thiamine in urine. It is 
the practice in our laboratory to change the permutit column once 
each week. As many as forty-five urine samples have been as- 
sayed with the same zeolite filter. ’ 

Validity of the Method—-Experiments were conducted with 
urine samples collected from six normal men during a 3 day period. 


TABLE | 
Validity of the Method for Determination of Thiamine in 12 Hour 
l'rine Samples 


Thiamine found in sample PY 
Chiamine Devia- 


Subject in 24 hr. tion from 
volume As Recovery of added 
voided grams thiamine 
os. per cent micrograms per cent 
D. M. 425 OO 146 4] 121 
59 147 8&8 im 
88 180 92 
B. B. 61 15] 136 
3 
157 145 
S65 Los 246 SS 359 250) 
160 254 
JG. 865 119 212 93 26 
on 
121 207 S6 282 
Average... | | %) (A.D. +2) +4 


* Corrected for the percentage recovery of thiamine added to the 12 
hour aliquot. 


12 hour aliquots with and without added thiamine were subjected 
to analyses. ‘The results, presented in Table I, indicate that the 
values are reproducible and that percentage recoveries of thiamine 
added to 12 hour urine aliquots are in the neighborhood of 90 
per cent. ‘The 24 hour urinary excretion of the vitamin was ¢al- 
culated with correction made for the percentage recovery of added 
thiamine. The validity of this procedure was confirmed by ad- 
ditional experiments with graded amounts of added thiamine. 
The percentage recovery of the vitamin from the same urine sam- 
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ple was constant. From the results shown in Table [ one may 
expect the values obtained by the chemical method for the 24 
hour excretion of thiamine in urine to be accurate to within +5 
per cent. 

Subsequent experiments have indicated that the 10 per cent 
loss of thiamine in the analyses of 12 hour urine samples is due 
entirely to some interference with the permutit adsorption of 
the vitamin. Although inorganic salts are for the most part 
insoluble in benzyl alcohol, some salts, such as ammonium chloride 
and salts of organic acids, are probably extracted and their 
presence may be responsible for the observed losses. In experi- 


TaBLeE II 
Completeness of Recovery of Thiamine in Urine Samples* of 6 Hours or Less 


4 hr. sample 6 hr. sample 

Theoreticalt Found Recovery | Theoreticalt Found Recovery 

micrograms | micrograms percent | micrograms | micrograms per cent 
D. M. 71 74 104 82 83 101 
B. B. 74 71 96 85 87 102 
R. C. 83 85 102 100 LOO LOO 
ae 108 106 98 138 137 Gy 
J.C. | 9 99 117 111 


* 50 micrograms of thiamine were added to each sample. 
+t Calculated from the average 24 hour values reported in Table I plus 
an additional 50 micrograms of thiamine. 


ments conducted with smaller aliquots from the the same urine 
samples described in Table I, less of these salts are extracted, with 
the result that no appreciable interference with the adsorption 
procedure occurs and theoretical recoveries of the vitamin are 
obtained.* ‘Table II presents these findings. 

In routine determinations of 24 hour excretion value (3) we 
have made it a practice to divide the urine sample into 12 hour 
aliquots. To one of these 100 micrograms of the vitamin are 
added and the percentage recovery used in calculating the true 


* In determinations on urine samples equivalent to 6 hours excretion or 
less proportionate amounts of Na2SO, are used but only one-half quanti- 
ties of benzyl alcohol; namely, 40 ec. for extraction and 20 cc. for washing. 
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value. The results of more than 200 recovery experiments with 
normal and pathological urine samples obtained from more than 
120 subjects have indicated that from 80 to 105 per cent of the 
added vitamin may be recovered. When the subject receives 
an oral test dose of 5 mg. of thiamine, a 4 hour sample is used 
for the analysis (3). No recovery experiments are conducted on 
urine samples representing 6 hours excretion or less. 

Specificity of the Method—The remarkable specificity of the 
method for the determination of thiamine in biological materials 
has been pointed out (1). The substance in urine responsible for 
the reaction is extracted, adsorbed, eluted, and is as unstable to 
both heat and alkali as the vitamin itself. When the KCl 
eluate is adjusted to pH 13 and autoclaved, this compound is 
completely destroyed. 

Since urines are frequently obtained from patients receiving 
medication, a series of commonly used drugs was tested to de- 
termine whether they would react with the reagent. 5 mg. 
quantities of aspirin, morphine, phenobarbital, barbital, seconal, 
nembutal, digitalis, adrenalin, pilocarpine, nicotine, histamine, 
quinine, atropine, methenamine, sulfanilamide, phenol, and 
aminophylline were used in the tests. Of these drugs, some 
did react with the reagent to yield colored derivatives. Aspirin, 
histamine, and phenol gave orange colors; morphine, slight pink; 
sulfanilamide, very slight yellow; and adrenalin, red which 
changed to violet and finally faded to yellow. However, none 
of these colored derivatives was extracted by the xylene but 
remained in the aqueous phase. 

Stability of Thiamine in Urine— Determinations were conducted 
on 6 hour aliquots of two 24 hour urine samples collected with 
the acid-toluene preservative and maintained for variable periods 
of time at room temperature. The values obtained after 14 and 
28 days were the same as those found when the urine speci- 
mens were subjected to immediate analysis. Urine samples, 
collected with the preservative, may therefore be allowed to 
stand for a period of at least 1 month at room temperature with 
no destruction of the vitamin. 

Without exception all studies of the urinary excretion of thi- 
amine, either by biological or chemical methods of assay, have 
neglected investigation of the stability of thiamine in bladder 
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urine. The pH of voided urine varies in the same individual. 
Values as high as pH 8.4 may be obtained after a meal (4). Be- 
cause Of the lability of thiamine in alkaline solution, the possi- 
bility exists that an individual may excrete normal amounts of 
the vitamin in the urine but that a considerable portion of it may 
be destroyed before it is passed into the bottle containing the 
preservative. If this were true, erroneous values would be ob- 
tained. 

This problem was studied in two ways. A normal individual 
subsisting on an adequate and constant diet excretes practically 


TABLE III 
Stability of Thiamine in ‘‘Bladder’’ Urine* over Physiological pH Range 
‘hiemina Westrue- 
A 2.0 0 6 hrs. standing at room tem- 35 () 
perature (25°) 
B 2.0 100 133 
C 6.0 100 6 hrs. incubation at 37.5° 135 0 
6.5 100 “ais 137 
7.5 100 136 0) 
G 8.0 100 139 0 
H 8.5 100 _ 134 0) 
9.0 100 123 8-12 


* 6 hour aliquots (280 cc.) of a sample of pooled urine, freshly voided by 
eight individuals, were assayed after being subjected to conditions simu- 


lating those in vivo. 


the same quantity of thiamine from day to day (3). To such 
a standardized individual 1.5 gm. of NH,Cl were given three 
times during the following 24 hour period. The maximal pH 
value of the urine, tested at 4 hour intervals, was now 6.6. Never- 
theless, the amount of thiamine found in the 24 hour sample 
was the same as that recorded previously. 

Urine samples freshly voided by eight normal individuals were 
pooled. 6 hour aliquots with added vitamin and with the pH 
values adjusted were incubated at 37.5° for a period of 6 hours to 
simulate conditions in the bladder. The results of this study, 
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presented in Table III, indicate that no appreciable destruction 
of thiamine occurs in urine in vivo over the physiological pH 
range. Thus, true values may be obtained for the 24 hour 
urinary excretion of thiamine with no precautions taken to insure 
the excretion of an acid urine. 

Form in Which Thiamine Is Excreted in Urine-—The vitamin 
exists in biological materials both in the free and phosphorylated 
forms (5-8). In the animal body most of the vitamin appears to 
be present as the pyrophosphoric ester (9, 10) to constitute 
cocarboxylase, the coenzyme of carboxylase (5). Only free thi- 
amine is determined by the procedure described in the present 
report. However, the vitamin appears to be excreted in the urine 
entirely in this form. 

Tauber recently reported (11) that no cocarboxylase activity 
could be detected in the urine of men taking orally huge doses of 
thiamine. No control tests with added coenzyme were reported 
to show that the results were not due to any impairment of the 
enzymic reaction by urinary constituents. 

In the present study use was made of a yeast phosphatase 
preparation’ which has been shown (7) capable of hydrolyzing 
quantitatively the phosphoric esters of thiamine. ‘The experi- 
ments were controlled to check both the stability of the vitamin 
under the experimental conditions and the activity of the yeast 
phosphatase in the presence of the urinary constituents. Typical 
results, presented in Table IV, show no increase in the thiamine 
values subsequent to the incubation of the yeast phosphatase 
with the urine specimens for a period of time adequate for the 
complete hydrolysis of the phosphoric esters of the vitamin. 
The urine samples contained no phosphorylated thiamine. 

The efficiency and rapidity with which the organism can 
dephosphorylate thiamine at the time the vitamin is being ex- 
creted into the urine was also investigated. 5.6 mg. of thiamine 
monophosphate,!’ equivalent to 4.5 mg. of free thiamine, were dis- 
solved in 4 ce. of water and injected intravenously into a normal 


°A hot air-dried yeast powder kindly furnished by the Premier-Pabst 
Corporation, Milwaukee. 

10 We are indebted to Dr. Joseph L. Melnick and Dr. Kurt G. Stern 
of the Laboratory of Physiological Chemistry, Yale University, for supply- 
ing us with this synthetic, crystalline phosphoric ester of thiamine. 
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individual during a 5 minute period. The urine samples, collected 
during the first 4 hours, second 4 hours, and subsequent 16 hours, 
were tested for free and phosphorylated thiamine, by the pro- 
cedures described in Table IV. In all cases no phosphoric esters 
of the vitamin were found. During the first 4 hour period 1200 
micrograms of extra thiamine, above the normal excretion value 
for this individual, were found in the urine; during the second 


TABLE IV 


l'rinary Excretion of Thiamine As the Free Vitamin 


Thiamine found 


Subject Sample | Preparation 5 
| gs 
| 


_micro- micro- micro- 
grams grams grams 
Yeast I 0.5 gm. hot air-dried yeast powder | 85 | 20/ 65 
‘‘ II Aqueous suspension of Yeast I, pH 85 85 0 
| 4.5, 18 hrs. at 45° | 


D. M. Urine A 6 hr. sample (240 ec.) + 85 micro- 121 
grams thiamine; immediate analysis 
B Same; incubated* 123 
6hr. sample + Yeast I; incubated* 
Di 6 * Il; * 123 
W.R.| Urine E 6“ “ (280cc.) + 85 micro- 152 
| grams thiamine; immediate analysis 
Same; incubated* | 148 
G 6hr. sample + Yeast I; incubated* | 152 
H | ‘é II; ‘é * 


* The samples were adjusted to pH 4.5 and then incubated at 45° for 
48 hours. 
period, 167 micrograms of extra vitamin; and the normal amount 
during the subsequent 16 hour period. ‘Thus, flooding the or- 
ganism with phosphorylated thiamine, to the extent that approxi- 


mately 40 times as much vitamin as normally was excreted during 
the first period, failed to overtax the dephosphorylating ability 


of the body. Tests" in which freshly voided urine was added to - 


11 The solutions were adjusted not only to pH 4.5 and incubated at 45°, 
conditions favorable for the activity of the phosphatase in yeast (7), but 
also to pH 6.0 and incubated at 37.5° to simulate conditions in viro. 
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yeast extracts, containing phosphoric esters of thiamine, but with 
the phosphatase activity now irreversibly destroyed, indicated 
that the dephosphorylation of thiamine takes place in the or- 
ganism itself (probably in the kidney) and not after the forma- 
tion of the urine. 


SUMMARY 


The chemical reaction between thiamine and diazotized  p- 
aminoacetophenone in alkaline solution has been suecessfully 
applied to the determination of the vitamin in urine. An initial 
benzyl alcohol extraction largely eliminates salts which interfere 
with permutit adsorption and therefore should have general 
application to the determination of thiamine in materials con- 
taining relatively large amounts of salts. The method is specific 
for thiamine in urine. A large variety of drugs have also been 
found to give no interfering color reactions. The vitamin in 
urine, preserved with acid and toluene, is stable for at least a 
period of 1 month. Despite variations in urinary pH in vivo, 
thiamine is not destroyed, so that no precautions to insure the 
excretion of an acid urine are necessary. The vitamin is excreted 
in urine entirely as free thiamine, even when the organism is 
flooded with the phosphorylated vitamin. 
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RACEMIZATION OF BENZYL-I-CYSTEINE, WITH A NEW 
METHOD OF PREPARING d-CYSTINE 


By JOHN L. WOOD anno VINCENT bu VIGNEAUD 
(From the Department of Biochemistry, Cornell University Medical College, 
New York City) 


(Received for publication, June 20, 1939) 


The preparation of d-cystine has presented certain difficulties 
which no doubt have limited its availability. The methods which 
have been presented previously involve the resolution of dl- 
cystine by means of the brucine salt of the acetyl derivative (1) 
or the strychnine salt of the formyl derivative (2). The dl- 
eystine has been obtained by racemization of l-cystine followed by 
fractionation of the inactive material into the meso and racemic 
isomers (3). For preparative work this separation, which is a 
fairly laborious and time-consuming process, is necessary in order 
that a good yield might be obtained in the resolution of the racemic 
isomer. ‘The formation of mesocystine in the racemization proc- 
ess decreases the potential yield of d-cystine from a given amount 
of l-cystine. To obtain d-cystine from the mesocystine one must 
epimerize the meso form and repeat the process of separating the 
meso- and racemic cystines and resolve the latter. If one could 
deal with a derivative of the reduced form, cysteine, which contains 
only 1 asymmetric carbon atom, these difficulties resulting from 


the presence of the meso modification could be circumvented. 


The problem is quite analogous to that presented by the resolution 
of homocystine (4). The difficulties were solved in that instance 
by the conversion of the homocystine to the S-benzylhomocysteine 
and resolution of the latter compound. ‘The benzyl radical was 
readily removed by reduction with sodium in liquid ammonia and 
either homocysteine or homocystine could be isolated as desired. 
It was felt that this method of approach to the resolution of cystine 
offered certain definite advantages and was worth investigation. 
We have found that N-formyl-S-benzyl-dl-cysteine can be readily 
resolved in excellent yield by means of the brucine salts. 
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The ease of resolution of the benzyl derivative has also led us to 
look into the possibility of racemizing directly benzyl-l-cysteine. 
The usual method for racemizing (-cystine involves. prolonged 
boiling with concentrated HC] (5). The method of racemization 
of acetylamino acids by the use of acetic anhydride in an aqueous 
solution of the sodium salt (6) 1s not applicable to cystine, since 
it was found that free sulfur was liberated from the molecule by 
this procedure. Nevertheless, it seemed possible that benzyl 
cysteine might be stable. We have, in fact, found that N-acetyl- 
S-benzyl-l-cysteine in aqueous solution in the presence of sodium 
acetate is readily racemized by acetic anhydride without appre- 
clable decomposition. 

The series of reactions which we have worked out is based on 
these observations and has afforded a practical method of. pre- 
paring d-cystine. Although the number of steps is apparently 
more numerous, the new procedure actually involves less expendi- 
ture of time than the previous methods, and the yields are higher. 
Moreover, for many synthetic purposes in connection with d- 
cysteine the availability of benzyl-d-cysteine is a distinct advan- 
tage. It might be pointed out that the benzyl-l-cysteine obtained 
in the resolution procedure can be resubjected to the racemization 
process and the racemic isomer resolved. In a continuous process 
the /-eystine can thus be practically all converted to d-cystine, as 
far as the experimental yields allow. 


EXPERIMENTAL 


S-Benzyl-l-Cysteine—-About 800 ec. of liquid ammonia were 
collected in a 1 liter, 3-necked flask, fitted with a mercury-sealed 
stirrer, soda lime tube, and stopper. 5 gm. of sodium metal 
were added and then /-cystine was added in portions until the blue 
color of the dissolved sodium was dissipated. This procedure was 
repeated until 50 gm. of cystine were reduced and a permanent 
blue color remained. About 20 gm. of sodium were required. 
The excess sodium was discharged with ammonium chloride and 
47.5 ec. of benzyl chloride were slowly added with stirring. The 
ammonia was allowed'to evaporate and final traces were removed 
in vacuo. The residue was dissolved in about 400 ec. of ice and 
water and the solution was filtered. Concentrated HCI was added 
to the filtrate until precipitation began. Dilute HCl] was then 
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added until the thick mass gave a reaction acid to litmus. The 
precipitate was filtered, was washed with water and alcohol, and 
was dried in vacuo at 100° for 2 hours. The yield was 75 gm. or 
85 per cent of the theoretical amount. This product was suitable 
for use in the next step. For purnfication, the S-benzyl-/-cysteine 
was dissolved in hot, dilute HC] and the solution was decolorized 
with norit. On cooling, the solution deposited glistening plates 
or long needles. ‘The solution was neutralized to Congo red with 
NH,OH before the precipitate was filtered. The crystals were 
washed with water and alcohol and dried in vacuo. The compound 
decomposed at 216-218°.! A 1 per cent solution in N NaOH had 
a specific rotation of [a]?*° = +23.5°, which agrees with the 
value reported by Clarke and Inouye (7) for the compound. 

S-Benzyl-dl-Cysteine—-A_ solution of 200 gm. of S-benzyl-l- 
cysteine in 1040 cc. of N NaOH was cooled in an ice bath and was 
vigorously stirred with a mechanical stirrer. Acetic anhydride 
was slowly added until the solution had a reaction acid to litmus. 
The ice bath was removed and the solution was warmed to 40°. 
Further acetic anhydride was added at such a rate as to maintain 
the temperature of the solution at 45-50°. When a total of 308 ec. 
of acetic anhydride had been added, the solution was stirred at 
45-50° for 3 hours. 270 cc. of concentrated HCI were added and 
the solution was heated to boiling in an oil bath for 3 hours. It 
was then decolorized with norit and benzyl-dl-cysteine was pre- 
cipitated with NH,OH. The mother liquor was concentrated 
in vacuo to obtain a second crop. After recrystallization from 
dilute HCI, the first crop weighed 140 gm. and the second, 32 gm. 
This represented a yield of 86 per cent of the theoretical amount. 
No optical activity could be detected in a 2 per cent solution of 
the compound in N NaOH. The compound decomposed at 
213-215°. 


CioH,;0.NS. Calculated, N 6.63; found 6.5 


N-Formyl-S-Benzyl-dl-Cysteine-—100 gm. of benzyl-dl-cysteine 
were dissolved in 850 ec. of 90 per cent formic acid in a 3 liter, 3- 
necked flask fitted with a mechanical stirrer, reflux condenser, 
and dropping funnel. The solution was warmed to 55° and 300 ce. 


‘All melting points are corrected. 
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of acetic anhydride were added at such a rate that the temperature 
of the solution remained between 55° and 60°. At the end of the 
addition, the solution was allowed to stand until the temperature 
dropped to that of the room. 4 hours after the acetic anhydride 
had been added, 150 ec. of water were stirred into the solution and 
the mixture was allowed to stand overnight. The solution was 
then distilled to dryness under reduced pressure. ‘The tempera- 
ture of the bath around the flask was kept below 50°. 200 ce. 
of benzene were added with shaking and then were distilled under 
reduced pressure. The procedure was repeated with 200 cc. of 
benzene. ‘To the residue 250 ec. of hot acetone were added and 
the mixture was heated to boiling. The undissolved solid was 
removed by filtration and was washed with 100 ec. of hot acetone. 
When dry it weighed 27.5 gm. and represented the unformylated 
product. This was recrystallized and resubjected to formylation. 
The combined acetone extracts were concentrated to about 
0.75 volume and diluted with 3 volumes of benzene. ‘The solution 
was cooled in the refrigerator. 55 gm. of N-formyl-S-benzyl 
derivative were removed and the solution was concentrated to 
0.3 volume and then diluted with 0.6 volume of benzene. <A 
further crop of 18 gm. of crystals was thus obtained. When cor- 
rected for the unformylated material recovered, the total yield 
was therefore 89 per cent of the theoretical amount. A sample of 
the formyl! derivative was purified for analysis by recrystallization 
from dilute ethanol. It had a melting point of 136.5° and _ pos- 
sessed the following analysis. 


C,,H,;;0;NS. Calculated, N 5.85; found 6.1 


Resolution of N-Formyl-S-Benzyl-dl-Cysteine—100 gm. of 
benzyl-N-formyl-dl-cysteine were suspended in 1 liter of butanol 
and 150 gm. of brucine were added. The solution was warmed to 
70° and filtered to remove a small amount of undissolved residue. 
The solution was then cooled in the refrigerator until a solid mass 
of crystals formed. These were filtered and washed with a little 
cold butanol. The material was redissolved in 500 cc. of butanol 
at 75° and was allowed to crystallize from solution in the refriger- 
ator. <A portion of the salt was washed with ligroin and air-dried 
before its optical rotation was determined. After several re- 
crystallizations a constant value of {a];’ = —25° for a 1 per cent 
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solution in water was obtained. After the final crystallization, 
the product was washed with ligroin to remove the oecluded 
butanol. After being air-dried, the total weight of the brucine 
salt was 120 gm. 

110 gm. of the brucine salt were suspended in 550 ec. of N 
NH,OH, and the suspension was extracted with 275 ec. of chloro- 
form. ‘The ammoniacal solution was washed with two 55. ce. 
portions of chloroform. It was distilled 7m vacuo until the solution 
gave a reaction acid to litmus. The solution was made 1 N with 
respect to HCl and was heated under a reflux in an oil bath for 
13 hours. It was treated with norit, filtered, and cooled. A 
first crop of 19 gm. of crystals was removed and was washed with 
water and alcohol. A second crop of 5 gm. and a third of 2 gm. 
were obtained when the mother liquors were neutralized and were 
concentrated to 0.5 volume. This made a total of 26 gm. or 71 
per cent of the theoretical amount. The pure product had a 
specific rotation of [a] = —22.5° for a 1 per cent solution in 
N NaOH. This solution showed a negative temperature coeffi- 
cient of approximately 0.8° per degree centigrade. 


CyoHy;02.NS. Calculated, N 6.63; found, 6.8 


Reduction of S-Benzyl-d-Cysteine to d-Cystine—11 gm. of 3- 
benzyl-d-cysteine were dissolved in 100 cc. of liquid ammonia and 
sodium metal was added until a permanent blue color was pro- 
duced. The excess sodium was discharged with ammonium chlo- 
ride and the ammonia was evaporated at room pressure and finally 
in vacuo. The residue was dissolved in 50 ce. of ice and water. 
The solution was extracted twice with ether and was then neu- 
tralized to phenolphthalein with HCl. 2 drops of 5 per cent 
FeCl; solution were added and air was bubbled through the solu- 
tion until the nitroprusside test for sulfhydryl was negative. 
The solution was neutralized with HCl. After standing a few 
hours, it was filtered. The compound was washed with water, 
alcohol, and ether, and was dried in a desiccator. The yield of 
the product was 5.4 gm. or 86 per cent of the theoretical amount. 
The product possessed a rotation of [a|?? = +220° fora 1 per cent 
solution in N HC]. After a precipitation from HCI solution it had 
a rotation of [a]? = +224°. 
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SUMMARY 


Racemization of benzyl-l-cysteine was accomplished by the 
action of an excess of acetic anhydride upon the aqueous solution 
of its sodium salt. The benzyl-dl-cysteine thus obtained was 
resolved by means of the brucine salt of its formyl] derivative. 
Benzyl-d-cysteine was then converted to d-cysteine by reduction 
and d-cystine was obtained by oxidation of the latter. This series 
of reactions offers a new method for obtaining d-cystine. 
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TOTAL SULFUR, CYSTINE, AND METHIONINE CONTENT 
OF BLOOD GLOBINS OF FIVE MAMMALIAN SPECIES* 


By ELIOT F. BEACH, SAMUEL 8S. BERNSTEIN, FRANCES C. 
HUMMEL, HAROLD H. WILLIAMS, ann ICIE G. MACY 


(From the Research Laboralory of the Children’s Fund of Michigan, Detroit) 
(Received for publication, June 23, 1939) 


The interest of this laboratory in the composition of the erythro- 
cyte has been centered upon the stromal portion of the cell. How- 
ever, the hemoglobin, which makes up by far the largest portion of 
the cell solid, is of great importance in determining the composition 
of the whole erythrocyte unit. Amino acid analyses of the protein 
moiety of the stromal materials obtained from five mammalian 
species failed to show the existence of any significant species varia- 
tions in composition (1). Identity of the hemoglobins of mam- 
malian bloods has been proved with reference to their heme groups, 
their molecular weights, and their basic amino acid composition 
(2). Nevertheless, hemoglobins are known to differ among the 
various mammalian species because they give specific immune 
reactions and they also differ in their crystal form. Inasmuch as 
the heme groups are identical, differences among the hemoglobins 
must find their basis largely in differences in the amino acid com- 
position of the globins. 

It has long been known that the sulfur contents of hemoglobins 
of different species vary. Therefore one or both of the sulfur- 
containing amino acids must exist in different quantities in the 
various globins. Cystine analyses of three hemoglobins have been 
carried out by Vickery and White (3). If one subtracts the 
cystine sulfur from the total sulfur of these three hemoglobins, a 
constant residual sulfur is not obtained, indicating that not only 
cystine but also methionine may exist in different quantities in 


* This paper was presented before the Division of Biological Chemistry 
at the Ninety-sixth annual meeting of the American Chemical Society 
at Milwaukee, Wisconsin, September 5-9, 1938. 
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the different globins. ‘Therefore the globins of five mammalian 
species have been studied with respect to the distribution of their 
total sulfur between cystine and methionine. 


EXPERIMENTAL 


Erythrocytes of horse, hog, beef, sheep, and human bloods were 
freed of serum proteins and leucocytes. The cells were hemolyzed 
and the insoluble posthemolytic residue removed by high speed 
centrifugation. The resulting hemoglobin solutions were satu- 
rated with carbon monoxide and the globins precipitated according 
to the method of Anson and Mirsky (4), by the addition of acetone 
containing oxalic acid. 

The dried globins containing oxalic acid were then analyzed for 
total nitrogen by the macro-Kjeldahl method; for oxalic acid and 
for total sulfur gravimetrically after combustion in the oxygen 
bomb. The proteins were also analyzed for methionine by the 
volatile iodide method of Baernstein (5) after a preliminary re- 
moval of oxalic acid as its calcium salt from hydrochloric acid- 
digested globin samples. Analyses for cystine content were 
earried out by the micro cysteine-cuprous mercaptide method of 
Graff, Maculla, and Graff (6) and checked by the polarographic 
method (7). The analytical data were all recalculated to an 
oxalic acid-free basis to obtain the composition of the free globin. 

DISCUSSION 

The results of the total nitrogen, total sulfur, and cystine and 
methionine analyses are shown in Table I. The nitrogen content 
of the preparations varied from 15.73 to 16.58 per cent. The 
total sulfur values varied widely, ranging from 0.37 to 0.60 per 
eent. Variations were found in the cystine contents of some of 
the globins, although three of the five contained nearly identical 
quantities of this amino acid. The variations in cystine content 
of the globins are stepwise in character. The beef globin con- 
tained the least cystine, or 0.38 per cent. The sheep, hog, and 
horse globins contained approximately twice this quantity of 
cystine, while human globin contained 1.21 per cent cystine, or 
approximately 3 times as much cystine as did the beef globin. 

To obtain a check upon the validity of the cystine values ob- 
tained by the Graff, Maculla, and Graff method, the analyses of the 
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globins' were repeated by a modification (7) of the polarographic 
method of Brdicka. In the Graff method the cystine is estimated 
from the nitrogen content of the sulfhydryl compounds _pre- 
cipitated by cuprous oxide, while the polarographic method is 
based on the interpretation of current voltage curves obtained 
with the hydrolysates in the presence of cobaltous chloride and 
ammonia ina cell in which the cathode consists of mereury fall- 
ing in small drops from a glass tube with a very narrow capil- 
lary (8). Good checks between the cystine values yielded by the 
two methods were found. It is significant in establishing the 
values for cystine content of these proteins that the physical 
method and purely chemical method yield results in close agree- 
ment. 
TABLE | 


Composition (Per Cent) of Globins 


N Total Cystine Methio- Cystine Methio- Cystine + Pet gent 

Beef... 15.73 | 0.43 | 0.38 | 1.26 | 0.10 | 0.27 0.37 S7 
Sheep 16.11 | 0.56 | 0.81 1.22: 0.22 | 0.26: 0.48 
Horse 16.40 O.85 0.75 0.23 0.16 39 OG 
Hog... 16.50 | 0.37 | 0.79 . 0.75 | 0.21 | 0.16 | 0.37 LOO 
Human 16.58 | 0:60 1.21 1.2 | 0:33 | 0.36 0.59 Q7 


Horse, sheep, and dog hemoglobins have been analyzed for 
cystine by Vickery and White (3). The cystine content of 0.60 
per cent for their preparation of sheep hemoglobin is in fair agree- 
ment with the one reported in the present paper. The cystine 
content of horse hemoglobin of 0.4 per cent obtained by Vickery 
and White is approximately half the value found in the present 
experiment and about equal to the cystine content found in beef 
globin. These discrepancies in cystine content are less surprising 
in view of the fact that wide individual variations in the sulfur 
content of globins from the same species have been observed by 
several investigators (9,10). The dog hemoglobin, reported by 
Vickery and White to contain 1.16 per cent cystine, checks the 
value of 1.21 per cent found for human globin in this study. 

' Paper presented before the Division of Biological Chemistry at the 


Ninety-seventh annual meeting of the American Chemical Society at 
Baltimore, April 3-7, 1939. 
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With reference to methionine the five mammalian globin prep- 
arations fall into two groups. Horse and hog globins were found 
to contain 0.75 per cent methionine, while beef, sheep, and hu- 
man globins contained 1.24 (average). Together, the cystine and 
methionine sulfur determined from the results of the amino acid 
analyses accounted for from 85 to 100 per cent of the total sulfur 
of the preparations, as shown in Table I. 

Using the molecular weight of globin and its per cent composi- 
tion with respect to cystine and methionine, we have calculated 
the molecular distribution of cystine and methionine in the globins. 
Adair (11) has determined the molecular weight of hemoglobin as 


TABLE 
Molecular Composition of Globins with Respect lo Cystine and Methionine* 


Weight per gm. mole globin | Moles per mole globin 
Cystine Methionine Methionine 
gm. gm. 

Beef _. | 247 S11 1.0 5.: 
Sheep ee 520 786 2.2 5.3 
Horse 546 483 2.3 2.2 
Hog. 510 483 2.1 3.2 
Human | 730 792 3.2 5.3 


* Assuming the molecular weight of globin to be 64,400 (11). 


66,800. By subtracting 2400 (which is the approximate weight of 
four heme groups), one obtains 64,400 as the molecular weight of 
the globin part of the molecule. In Table II the moles of cystine 
(mol. wt. 240) and of methionine (mol. wt. 149) contained in 1 
molecule of globin (mol. wt. 64,400) are shown. It will be seen 
that the beef globin contained | molecule of cystine per molecule 
of globin, or the least amount of cystine possible in a molecule of 
that weight. (If, however, the amino acid exists as cysteine in 
the native protein, a protein of molecular weight 64,400 con- 
ceivably could contain half as much cysteine as did our sample of 
beef globin.) The sheep, hog, and horse globins contained 2 
molecules of cystine, and human globin contained 3 molecules of 
cystine. With reference to methionine the globins fall into two 
groups. The horse and hog globins contained 3 molecules of 
methionine, while the beef, sheep, and human contained approxi- 
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mately 5 molecules. The molecular ratios do not calculate to 
whole numbers when the physically determined molecular weight 
of 64,400 is used. A value of 60,000 for the molecular weight of 
globin would yield molecular values within +0.1 of a molecule 
for all the preparations. 

The results clearly demonstrate that the globin preparations 
obtained from five mammalian species differ from each other in 
composition with respect to the sulfur-containing amino acids. 
The differences in the content of certain amino acids such as 
cystine and methionine in the different globins may account for 
the differences in behavior of hemoglobins of different species or 
possibly of individuals of the same species. ‘This is in agreement 
with the statement of Block (12) concerning various hemoglobins, 
“Thus of the constituents analyzed, only sulfur and cysteine vary 
and these in molecular proportions. This variation may account 
not only for differences in crystalline form but also for differences 
in rate of denaturation, change in molecular weight in urea solu- 
tion, ete.” 


SUMMARY 


The cystine, methionine, and total sulfur contents of globins 
from the bloods of five mammalian species were determined and 
found to vary. ‘These results suggest that the specificity of hemo- 
globins depends upon differences in their amino acid composition. 
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Berkeley, and the Division of Surgery, lniversity of California 
Medical School, San Francisco) 


(Received for publication, June 28, 1939) 


A significant drop in the blood lipid level follows complete pan- 
createctomy in dogs kept alive with insulin and a diet which, 
though lacking pancreas, contains an excess of all constituents 
essential for maintenance of the normal animal (1). All lipid 
constituents are involved; namely, cholesterol, both free and 
esterified, phospholipids, and total fatty acids. The time at 
which such changes appear in the blood of the depancreatized dog 
is quite variable (2). A drop below the preoperative level of 
cholesterol esters Was observed as early as 12 days, and its dis- 
appearance from the blood as early as 20 days, after pancreatec- 
tomy. On the other hand, cholesterol esters were found as late 
as 202 days after pancreatectomy, but in greatly reduced amounts. 

Certain factors that modify the blood lipid level in depancrea- 
tized dogs maintained under such conditions have been deter- 
mined. Thus the addition of raw pancreas to the diet not only 
prevented the fall in the blood lipids but raised them above normal 
levels (2). The factor that raises the lipid level resides also in 
the external secretion of the pancreas, for lipid levels comparable 
with those found during the feeding of raw pancreas were observed 
after the administration of pure pancreatic juice obtained by 
fistula (3). Although both autoclaved pancreas and choline pre- 
vented the fall in the lipid level below normal, neither of these 
substances was able to maintain lipid levels as high as those ob- 


* Aided by grants from the Christine Breon Fund for Medical Research 
and the Melville Luther Montgomery Donation. Assistance was also 
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served after the ingestion of the raw pancreas or the pancreatic 
juice (4). 

The present investigation deals with the effects of exclusion of 
the external secretion of the pancreas by means of duct ligation 
upon the lipid constituents of the blood. It was previously shown 
that complete severance of all connections between pancreatic 
ducts and duodenum in dogs leads to an infiltration of fat in the 
liver (5). 

EXPERIMENTAL 

The method employed for ligation of the pancreatic ducts in 
dogs as well as the precautions found necessary to insure their 
complete occlusion has been recorded elsewhere (5). The post- 
operative care adopted in the maintenance of such animals in this 
laboratory has also been previously noted (5). In all animals 


recorded in this study completeness of duct ligation was confirmed 


by careful inspection and dissection at necropsy. 

Whole blood was used for lipid analyses; the oxidative methods 
employed have been previously noted (1). The animals were 
fed (and in some cases injected with insulin) twice daily, at 8.00 
a.m. and 4.00 p.m. Blood for analyses Was taken just before the 
morning meal was ingested. Thus, at the time blood was sampled, 
all dogs were in the postabsorptive state, having ingested their 
last meal approximately 16 hours before removal! of blood. 

Before duct ligation, all dogs were maintained for a period of 
2 to 3 weeks on a diet of lean meat, sucrose, bone ash, and vitamin 
supplements. During this interval one or more postabsorptive 
blood samples were taken for analysis; the values obtained are 
designated below as preoperative. 


Results 


Whole Blood Lipids of Duct-Ligated Dogs Maintained on Lean 
Meat Diet The levels of the various lipid constituents were 
determined at several intervals after duct ligation in the dogs 
recorded in Table I. A marked reduction in the level of the blood 
lipids follows complete exclusion of pancreatic juice from the 
intestinal tract. Although the most striking fall occurred in 
cholesterol esters, Which in a number of instances completely dis- 
appeared from the blood, the other lipid constituents, namely 
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phospholipids and total fatty acids, also fell. As a result of liga- 
tion of the pancreatic ducts, total lipids in Dogs E-12, K-20, and 
K-34 fell from preoperative levels of 638, 570, and 544 mg. per 
100 cc. of whole blood to 284, 291, and 283 mg., respectively. 
Equally striking reductions in the concentrations of phospholipids 
and total fatty acids followed duct ligation in the other dogs re- 
corded in Table I. The level of free cholesterol also fell in six of 
the seven dogs examined; this is most strikingly shown in Dogs 
K-34, K-20, and E-12, in which this lipid constituent fell from pre- 
operative levels of 141, 125, and 136 mg. to 66, 71, and 82 mg. 
after duct ligation. 

The interval after duct ligation when the concentration of 
lipids in the blood begins to change is apparently variable. In 
Dog K-23 little change was observed in the level of the blood 
lipids after 5.5 weeks, whereas in Dogs E-29, E-31, and K-34 
significant drops had already occurred as early as 2, 2, and 4.5 
weeks respectively after all pancreatic juice had been excluded 
from the intestinal tract. In all seven dogs, however, significant 
changes had occurred in all blood lipid constituents by the time 
14 weeks had elapsed. 

After the completion of this study, a preliminary report by 
Rubin (6) dealing with blood lipid changes in dogs following 
duct lgation appeared. He finds also that plasma lipids fall 
after duct ligation. 

Blood Lipids of Duct-Ligated Dogs Maintained on Meat-Sucrose 
Diet and Insulin-The marked atrophy of the pancreas that 
follows complete occlusion of the pancreatic ducts was previously 
noted, and its relation to possible islet damage discussed (3). The 
desirability of controlling observations in duct-ligated dogs by 
insulin treatments was pointed out. The dogs recorded in Table 
IT received 8 units of insulin twice daily, and at the same time they 
ingested a mixture of meat, sucrose, bone ash, and vitamin sup- 
plements. This treatment prevented, in two cases completely, 
the marked loss in weight observed in animals maintained after 
duct ligation in the manner shown in Table I. Despite the main- 
tenance of weight, however, the blood lipids did not remain at 
preoperative levels. Decreases in total cholesterol equally as 
striking as those recorded in Table I were found. In Dogs K-21 
and K-22, in which no loss in weight occurred as long as 19 weeks 


ic 
ot 
ic 
he 
in 
| 
HIS 
ils 
ds | 
re 
he | 
d, | 
Mr 
of 
in 
ve 
re 
Te 
gs 
od | 
he 


124 Pancreatic Duct Ligation 


TABLE | 
Blood Lipids of Duct-Ligated Dogs* Maintained on 
without Sucrose) Diet 


(holesterol 


Total Phos- 


| duct ligntiont | 
mg. mg. mg. mg. mag. 

wks. kg. | per per per per per 

| 100 cc. 100 ce. 100 ce. 100 ec. 100 ce 

K-12 Before (0) | 9.8 156 136 20 482 350 
7.5 | 8.44 88; 88! O | 243 | 195 

15 8.4 111 | 82! 29 | 173 | 170 

18 8.9 111 | 109: 2 | 284/ 252 

K-13§ Before (0) 11.2 138 107 31. 388 360 
11 10.8 738 © | 204 | 

14 (10.5 129 110 19 235 227 

Before (4) 11.5 170 125 45 400 350 
(0) | 11.5) 177 | 181 | 46 | 392 | 330 

6.5 9.2 114 113 1 | 214 | 203 

10 71 10 210 187 

12 | 6.6 94 {| 12 | 225 | 169 

)-23§ Before (8) 15.2 156 132 24 380 335 
‘6 = (0) | 15.3) 149 | 122 | 27 | 362 | 330 

5.5 10.1; 1388 | 113 | 25 | 383 | 316 

13.5 6.7| 85 75; 10 246 195 
K-29 Before (4) 10.5 170 142 28 410 400. 
| 10.5 164 | 138 | 26 | 407 402 

2 | 9.1) 145 126, 19 | 318 | 282 

5 8.8 125 | 125 O | 361 | 292 

14 | 8.5 145 141 | 4 | 264 | 280 

17 | 8.4, 115 | 119 | O | 272 | 242 

Before (0) | 15.8 177 142 35 522 398 
2 | 14.4 135 120) 15 | 315 | 302 

5 | 12.8) 113 | 112 | 1 | 210 | 234 

14 10.3 101 101 O 266. 212 

16 | 9.3 117 | 109 | 8 | 270 | 204 

Is 8.1; 98 | 100; O | 292 | 224 

K-34 Before (0) 11.1 193 141 52 351 416 
4.5 8.0 118 118 0 262 265 

12 6.8 90 66 24 | 193 | 183 

|. 15.5 5.1 110 94! 16 | 340 260 
5.0 130 83 47 | 313 260 


* Completeness of ligation of the ducts was confirmed at necropsy in all 


the dogs recorded. 
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TABLE I—Concluded 


+ The figures in parentheses show the number of days prior to duct liga- 
tion when preoperative bloods were taken. Preoperative diets in Tables I 
to III consisted of 30 gm. of lean meat per kilo, 6 gm. of sucrose per kilo 
per day, with the addition of vitamin and salt supplements. 

t Constituents in amounts recorded were fed twice daily after duct liga- 
tion at 8.00 a.m. and 4.00 p.m. Vitamin supplements were added either 
daily or twice weekly. 2gm. of Cowgill’s salt mixture were added daily (5). 

§ Weak and emaciated at the end of the period of observation. 


after duct ligation, total cholesterol fell from preoperative levels 
of 190 mg. per cent to 131 and 111 respectively at the end of the 
period of observation, namely 19 weeks. Although free cholesterol 
fell somewhat, the most pronounced change occurred in esterified 
cholesterol, which declined from preoperative levels of 55 to 33 
mg. per 100 ce. of whole blood to values as low as 0 mg. 

Blood Lipids of Duct-Ligated Dogs Maintained on Diet of Lean 
Meat and Raw Pancreas—-The addition of the raw, glandular 
tissue to the diet of the dogs subjected to duct ligation prevented 
the fall in blood lipids (Table III). Total fatty acids and phos- 
pholipids were maintained at preoperative levels throughout all 
or most of the period of observation. Cholesterol, the lipid con- 
stituent that was so notably influenced in Tables I and II, re- 
mained at normal levels during most of the postoperative periods. 
Thus in Dog E-15 a value of 201 mg. per 100 ce. of whole blood was 
found for total cholesterol as compared with a preoperative value 
of 185 mg. In three other dogs (Nos. K-19, E-24, and K-28) pre- 
operative and final values obtained 19 to 21 weeks after occlusion 
of the pancreatic ducts were respectively 175 and 177, 180 and 
163, 140 and 145. In four of the five dogs recorded in Table ITI, 
the concentration of cholesterol esters was well maintained and 
only occasionally found below 16 mg. per cent. 

Response of Blood Lipids of Duct-Ligated Dogs to Alternate 
Addition and Withdrawal of Raw Pancreas or Pancreatic Fractions 
from the Diet--In three dogs a study was made of the effects pro- 
duced upon blood lipids by alternately adding and withholding 
pancreas from the diet. The three dogs (Nos. E-35, E-36, and 
K-37!) used in this experiment received identical treatment; a 


' Preoperative weights of Dogs E-35, E-36, and E-37 were 7.1, 7.4, and 
10.9 kilos respectively. 
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typical response (Dog k-37) is shown in Fig. 1. Before duct liga- 
tion the animals received a diet containing 30 gm. of lean meat per 


TABLE II 


Blood Lipids of Duct-Ligated Dogs Maintained with Insulin and Lean Meat- 
Sucrose Diet* 


| Cholesterol | al | Resid- 

Dog Period after Weight | T otal ual 
No.t duct ligation? aside | lipid fatty 
Total Free Ester | Pp acids 


mg. per mg. per mg. per mg. per mg. per mg. per mg. per 


wks. 100 ce. | 100 ce. 100 ec. 100ce. 100¢cc. 100 cc. 100 ce, 
K-21 Before (7) | 190 | 135 55 | 348 325 
“« (0) | 5.0} 188 | 130 | 58 | 322 | 300 | 510 | 79 
13 | 6.5 | 132 | 132 | O | 804 | 258 | 436 | 131 
18.6 187 | 196; 1,| 400 | 909 | 587 | 192 
19 6.7 | 131 | 119 | 12 | 206 | 437 
K-22 Before (7) 5.0) 190 137 53 440 | 400 630 133 
“ (©) | 5.0] 192 | 141 | 51 | 438 | 392 | 630 | 139 
6 5.3 | 134 | 118 | 16 | 326 | 296 | 460 | 116 
13 5.5 | 185 | 137 | O | 358 | 300 | 443 | 157 
| 122 121 | 1 | | 200 | 413 | 102 
19 | 5.6] 111 | 111 | O | 295 | 230 | 406 | 141 
E-25 Before (0) | 9.0! 173 | 129 | 44 | 389 | 222 | 562 208 
5 8.1] 128 | 134 {| O | 420 | 261 | 548 | 245 
12 "8.0 | 132 | 134 | O | 345 | 351 | 477 | 109 
17.5 7.5 | 145 | 144; 1 | 370 | 300 | 515 | 168 
E-30 | Before (5) | 13.5 | 168 | 185 | 33 | 452 | 284 | 620 | 238 
‘¢ =~) | 13.5 175 | 140 | 35 | 472 | 300 | 647 | 245 
15 | 12.5 | 139 | 133 6 | 2200 | 258 | 359 | 4 


* Completeness of ligation of the ducts was confirmed at necropsy. All 
animals recorded received 8 units of insulin twice daily immediately after 
the ingestion of the diets. 

+ Dogs E-21, E-22, and E-25 received twice daily 250 gm. of lean meat, 25 
gm. of sucrose, and 7 gm. of bone ash after duct ligation. Vitamin supple- 
ments were added twice weekly. Dog E-30 received the same amounts of 
lean meat, bone ash, and vitamin supplements but the amount of sucrose 
fed was varied from 25 to 50 gm. daily. 

t The figures in parentheses show the number of days prior to duct liga- 
tion when preoperative bloods were taken. 


kilo and 6 gm. of sucrose per kilo of body weight per day. Vita- 
min concentrates and a salt mixture (5) were also furnished daily. 
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TAaBLe III 
Blood Lipids of Duct-Ligaied Dogs* Maintained ona Lean Meat-Raw 
Pancreas Diet 


Cholesterol Diet 
Total Phos- ~. Resid- 
Dog Penod after Total ual 
No. duct ligationt id lipid fatty Raw 
= Total Free Ester acids pan- 
meat 
= creas 
mg. mg. meg. mq. meg. mg. mg. 
wks. kg. per per per per per per per gm, gm. 


100 ce. 100 ec. 100 ec. 100 cc. 100 ce. 100 ce. 100 ce. 
E-15 Before (7) 17.7 185 130 55 £370 358 555 90 
ae (O) | 17.7 188 | 117 | 71 | 390 | 326; 578 | 120 | 265) 125 
4 


8.5 17.4 203 140 63 470 405 673 153 
13 17.9 187 140 47 546 437 733 219 
20 17.9 201 | 159 | 42 | 505 | 484 706 150 


E-17 _ Before (7) | 9.0 210 | 146 64 | 422 412 632 99 
(0) 9.0 203 152 51 465 415 608 150 135 125 


8 8.3 198 149 49 460 378 658 171. 
12 8.5 182 | 156 | 26 | 430 | 427 | 612 | 123 
18.5 8.9 177 | 154 | 23 | 412 | 412 | 589 | 120 
E-19 Before (5) 7.8 175 | 125 50 | 432 402 607 125 
‘* () | 7.8) 174 | 124 50 | 428 | 400 | 612 | 123 | 117) 125 
6 7.5 206 159 47 480 382 686 190 
13 8.0 176 139 37 | 456 374 632 179 
19 8.5 177 141 36 453 345 630. 196 
E-24 Before (7) 10.5 180 148 32 450 380 630 172 
‘¢ (0) | 10.4 177 | 141 | 36 | 421 | 371 | 598 | 146 | 157 125 
5 11.2 178 136 42 506 339 684 248 
13 9.5 208 164 44 491 396 699 193 
19 9.7, 170 | 154 16 412 406 582 128 
20 10.0 163 152 11 400 394 563 128 
K-28 Before (0) 8.9 140/115 25 342 327 482 105 133 125 
6 8.1 122 112 10 408 530 
12 8.1 163 138 25 | 361 | 327 524 124 
18 7.9 130 | 113 | 17 | 366 | 322 | 496 | 138 
20) 8.0 148 140 8 386 340 534 152 
21 8.3' 145 | 136; 9 | 407 | 331 | 552 | 178 


* Completeness of duct ligation confirmed at necropsy. 

t The figures in parentheses show the number of days prior to duct liga- 
tion when preoperative blood samples were taken. 

} Constituents in amounts listed were fed twice daily after duct ligation. 
Vitamin supplements and 2 gm. of Cowgill’s salt mixture were added 
daily (5). 
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Fig. 1. The blood lipid response of Dog E-37 to raw pancreas or its frac- 
tions after duct ligation and after pancreatectomy. Period A, first 41 days 
after duct ligation, 125 gm. of raw pancreas twice daily added to the diet; 
Period B, 41 to 68 days after ligation, raw pancreas omitted from the diet; 
Period C, 68 to 90 days after ligation, 1 gm. of pancreas Fraction AR twice 
daily; Period D, 90 to 123 days after ligation, Fraction AR omitted; Period 
Ie, 123 to 145 days, 5 gm. of Fraction AR twice daily. Following pancreatec- 
tomy, Period F, 5 gm. of Fraction AR twice daily; Period G, 20 gm. of Frac- 
tion AR twice daily; Period H, 125 gm. of raw pancreas twice daily. 
© ester cholesterol, (9 free cholesterol, g total cholesterol, © phospholipid, 
O total fatty acids, @ total lipid. 
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After duct ligation they received twice daily a mixture containing 
250 gm. of lean meat, 25 gm. of sucrose, and 7 gm. of bone ash. 
Vitamin concentrates were added twice weekly. 8 units of insulin 
were injected immediately after ingestion of the diet. Various 
amounts of pancreas as raW tissue or its fractions were added to 
the diet after duct ligation. For clarity of presentation of the 
data, the periods after duct ligation have been referred to as A, 
B, C, D, and E. 

Period A-—This period represents the first 41 days after duct 
ligation. During this interval the three dogs received 125 gm. of 
raw pancreas twice daily in addition to the dietary mixture 
recorded above. ‘The blood lipids were maintained at preopera- 
tive levels or above. The preoperative blood lipid values for 
Dog K-37 are shown at the 0 interval in Fig. 1. 

Period 6 — This period includes the interval from 41 to 68 days 
after duct ligation. During these 27 days raw pancreas was 
omitted from the diet. Pronounced changes were produced in 
total fatty acids, phospholipids, and cholesterol esters by with- 
drawal of pancreas from the diet. Thus in Dog E-36, total choles- 
terol dropped from 193 mg. per 100 ec. of whole blood to 111 mg. 
and its esterified portion from 47 to 0 mg. The highest values 
found for total fatty acids and phospholipid during Period A were 
respectively 512 and 489, whereas they fell to values of 314 and 
328 mg. 27 days after withdrawal of raw pancreas. All lipid con- 
stituents in Dog E-35 responded to the withdrawal of the glandular 
tissue from the diet; the changes in this animal were as striking as 
those observed in Dog E-36 or I-37. 

Period C——This period includes the interval from 68 to 90 days 
during which the three dogs received twice daily 1 gm. of Fraction 
AR? powder mixed with their diets. The daily ingestion of 2 gm. 
of this pancreatic fraction for 22 days led to a decided rise in total 
fatty acids, phospholipids, and esterified cholesterol. In Dog 


* The dried defatted pancreas fraction designated as Fraction AR was 
prepared as follows: fresh pancreas was stripped of visible adhering fat 
and finely ground; it was then shaken continuously for 1 hour with 2 vol- 
umes of acetone; the residue was extracted a second time with the same 
amount of acetone, and this residue was dried first by pressure in a mechani- 
eal press and then with warm air: the dried material was then ground to 
a fine powder and extracted with ether; it was stored at —18° until used. 
1 gm. of Fraction AR is equivalent to 5.5 gm. of raw pancreas. 
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1-36 the following values were found at the beginning and at the 
end of Period C: total cholesterol 111 and 187, ester cholesterol 0 
and 33, phospholipid 328 and 444, total fatty acids 314 and 565 
mg. per cent, respectively. 

Period D-—In this period (from 90 to 123 days after duct liga- 
tion) it is shown that the omission from the diet of as small an 
amount of pancreas as represented by | gm. of Fraction AR leads 
toa precipitous drop in blood lipids. In Dog K-36 ester choles- 
terol, free cholesterol, phospholipids, and total fatty acids fell 
from previous high values of 33, 154, 444, 565 to 0, 112, 311, 324 
mg. per cent, respectively. Similar changes were observed in 
Dog k-35 during this period. 

Period E-—¥rom 123 to 145 days, the three dogs received 5 gm. 
of Fraction AR twice daily mixed with their diets, and here again 
a marked response of the blood lipids occurred as the result of the 
daily ingestion of 10 gm. of Fraction AR for approximately 3 
weeks. In Dog E-35 ester cholesterol rose from 10 to 25 mg. per 
cent, total fatty acid from 297 to 412, and ‘iia from 200 
to 365 mg. per cent. 

Comparative Response of Duct-Ligated and Completely Depan- 
creatized Dogs--At 145 days after duct ligation, complete pan- 
createctomy Was performed on Dogs K-35, K-36, and K-37. The 
gland was found greatly atrophied, resembling in all details the 
condition previously recorded for duct-ligated dogs (5). Pan- 
createctomy consisted in removal of all visible pancreatic tissue.’ 
No loss of appetite was observed as a result of pancreatectomy; 
all animals immediately ingested the dietary mixture placed 
before them. The insulin and dietary treatments adopted after 
duct ligation were maintained after pancreatectomy. The follow- 
ing supplements were added: during Period F’, 5 gm. of Fraction 
AR twice daily; during Period G, 20 gm. of Fraction AR twice 
daily; during Period H, 125 gm. of raw pancreas twice daily. In 
general, high values for all lipid constituents were maintained 
during the 100 days of Periods F, G, and H. During Periods E 
and F, 5 gm. of Fraction AR were administered, in the former after 


3 In Dog E-36 a fibrotic mass 1.5 em. long and 0.5 cm. in diameter was 
found enclosing the pancreatico-duodenal vessels so firmly that its removal 
could not be accomplished without destroying these vessels. At autopsy 
no evidence of acinar or islet tissue was found in this fibrotic mass. 
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e duct ligation, in the latter after pancreatectomy. Judging from 
0 the lipid levels attained during these two periods, it would seem 
9 that the blood lipid response to Fraction AR does not differ 
significantly whether the ducts have been ligated or the gland 
A- | completely excised. In Table IV the effects of 125 gm. of raw 
Nn pancreas administered twice daily have been compared in the same 
Is three dogs after duct ligation and after complete pancreatectomy. 
s- Striking differences in the blood lipid response to raw pancreas 
‘ll were not observed. 
24 
in TaBLE IV 


Comparison of Blood Lipid Values Obtained after Ingestion of 125 Gm. of Raw 


mn. Pancreas Twice Daily in Duct-Ligated and in Completely Depancreatised 
| ' 
in | Dogs 
he Cholesterol Total | Phos- .. 
Days fatty pho- 
Total Free Ester lipid | 
er 
7 mg. per mg. per mg. per mg. per my. per mg. per 
; lvdce. | 100ce, 100ce. 100¢ec. 100ce. | 100 ce. 
K-35 Preoperative 165 135 30 420 370 | 585 
1n- | After duct ligation 41 193 144 49 433 353 | 626 
|  pancreatectomy 97 207 162 435 475 449 | 682 
K-36 | Preoperative 185 40) 454 3966389 
After duct ligation 33 240 159 81 512 489 | 752 
the | pancreatectomy 100 220 160 60 522 436 742 
an- E-37 | Preoperative 157 145 13 421 360 578 
1e.3 | After duct ligation 33, 190 | 152 | 38 448 362 638 
| ‘* panereatectomy 100 194 153 4] 496 392 690 
ced 
eee DISCUSSION AND SUMMARY 
weet | The complete occlusion of the pancreatic ducts in dogs leads to 
a fall in blood lipids in which all constituents participate; namely, 
cholesterol, both free and esterified, phospholipids, and total 
z fatty acids. This fall in blood lipids resembles in all details the 
. ood lipid changes found in dogs maintained with insulin after 
s complete pancreatectomy. Although a marked loss in weight may 
{ter follow duct ligation (Table I), a fall in blood lipids was also ob- 
oil served in duct-ligated dogs in which no weight loss occurred 
oval | (Table II). 
opsy The addition of pancreas to the diet of duct-ligated dogs pro- 


foundly altered the blood lipid picture. When administrations 
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were begun unmediately after duct ligation, the ingestion of the 
glandular tissue prevented the decline in the level of the blood 
lipids. Its addition to the diet at a time when low lipid levels had 
already been established led to a rapid rise in the concentration of 
all lipid constituents in the blood. 

It was previously shown that daily administrations of pancreatic 
juice led to a profound rise in all blood lipid constituents in the 
completely depancreatized dog maintained with insulin (5). This 
finding strongly supports the view that the fall in the blood lipid 
level observed in completely depancreatized dogs maintained with 
insulin and in dogs subjected to complete occlusion of pancreatic 
ducts is due to the loss from the intestinal tract of a factor (or 
factors) derived from the external secretion of the pancreas. 
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THE IMPORTANCE OF REMOVING PHOSPHORUS IN 
THE DETERMINATION OF SERUM SODIUM* 


By PAULINE M. HALD 


(From the Department of Internal Medicine, Yale University School of 
Medicine, New Haven) 


(Received for publication, June 30, 1939) 


The present study was undertaken in an attempt to establish 
the accuracy of the values reported for serum sodium by this 
laboratory. ‘These results are lower by an appreciable amount 
than those obtained by several other investigators (1-5). As 
has been pointed out previously (1), values for sodium when added 
to those determined for the other base fractions have satisfied the 
figures obtained for total base quite completely. Since sodium 
makes up by far the largest fraction of total base, the reliability of 
the determinations made for these purposes of comparison are 
highly significant. In a previous report (2), dealing with the 
distribution of bases between cells and serum, indirect proof of 
the dependability of all the methods employed was presented. 
However, since sodium was the only fraction in which an appre- 
ciable difference from the results of other investigators was met, 
a direct proof of the accuracy of the method in use seemed de- 
sirable. 

Of recent procedures the most widely used for determination 
of serum sodium has been Butler and Tuthill’s (6) modification of 
the Barber and Kolthoff (7) method. The difference between this 
technique and that developed by us lies in the preparation of the 
material before it is added to the uranium-zine acetate solution. 
The determination with uranium-zine acetate solution after the 
addition of the ash is identical in both procedures. Since average 
values for serum sodium in normal individuals were from 5 to 10 
milliequivalents lower than those reported elsewhere, it was 


* This work was aided by a grant from the Fluid Research Fund of 
the Yale University School of Medicine. 
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obvious that either our values were low, owing probably to a loss 
of material, or that the higher values reported were falsely high. 

In the preparation of serum for addition to the precipitating 
reagent two points of difference are noteworthy. Butler and 
Tuthill describe wet ashing with sulfuric and nitric acids. This 
wet ash is added directly, without removal of phosphorus, to the 
uranyl-zine acetate solution. We have used dry ashing, removing 
phosphorus before transferring to the precipitating reagent. 
The complete procedure employed is as follows: 1 ce. of serum or 
whole blood is measured into a porcelain dish (Coors porcelain, 
30 cc. volume). 2 to 4 ec. of sulfuric acid, 4 N, are added. In 
the case of serum | drop of a solution of ferric sulfate (12.9 gm. 
per liter) is added to remove phosphate. Whole blood contains 
enough iron to make further addition unnecessary. The dish is 
placed on the steam bath for approximately 2 hours or until the 
water has been evaporated and a charred, syrupy mass remains. 
It is then placed in a cold muffle furnace and the temperature 
advanced to between 500° and 580°. When this temperature 
has been maintained for several hours, a pure white ash remains, 
The ash may be flecked with particles of red or black iron oxide. 
When the ashing is complete and the dish has been cooled, 3 or 4 
cc. of hot distilled water are added and the ash dissolved as com- 
pletely as possible with the aid of a glass rod. The contents of 
the dish are transferred by means of several portions of water toa 
conical volumetric centrifuge tube of 12.5 or 25 cc. capacity and 
water added to eomplete the volume. After being mixed by 
repeatedly inverting the tube, the solution is centrifuged and the 
insoluble iron salts of phosphate and oxide are precipitated. An 
aliquot of supernatant fluid is transferred to a porcelain dish and 
the water completely evaporated. The resulting ash is extracted 
with 1 ce. of distilled water and transfer to the uranyl-zine acetate 
solution is completed in the customary manner. 

The frequently posed question of the desirability of the use of 
porcelain as compared with platinum for dry ashing was reopened. 
There is no doubt that ashing tissues and many other biological 
materials involves factors not encountered in working with serum 
and whole blood. In addition to solutions of pure sodium salts, we 
have again ashed serum and whole blood in platinum and porcelain 
dishes simultaneously. Subsequent analyses for sodium have 
always been in good agreement. 
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Comparative studies on serum by the two methods in question 
were next undertaken. (Because the effect of the presence of 
phosphorus was believed to be smaller than the differences under 
investigation and in order to make comparative studies more 
exactly comparable, phosphate was not removed in any of the 
following determinations except where it is so indicated.) Sodium 
was completely recovered from solutions of sodium chloride and 
sodium sulfate by both methods. Serum and pleural fluid, how- 
ever, vielded quantities higher by 6 or 7 milliequivalents when the 
wet ashing procedure was applied. This was the first time that 
this long reported discrepancy was demonstrated on a given 
specimen of material (see Table I, Experiment 1). These results 
seem to indicate that there are present in biological material 
substances accountable for the difference so frequently observed. 

In order to find out whether protein or other non-diffusible 
components could be at fault, serum was filtered under pressure 
through cellophane. Original serum, concentrated residue, and 
protein-free filtrate were then analyzed separately by both wet 
and dry ashing procedures. The results (Table I, Experiment 3) 
in the case of the filtrate agreed; in the serum wet ashing as usual 
gave higher values. The agreement in the concentrated residue, 
however, was most confusing. Both values were obviously too 
high, since whichever value was taken for serum was exceeded 
by the amounts in substrate and filtrate. Reanalysis by dry 
ashing gave the same value for the original serum. <A sample of 
egg albumin was diluted with sodium sulfate solution and ana- 
lyzed by both methods. The results were in good agreement. 
From these two experiments it seemed most unlikely that protein 
eould be the interfering agent. 

Phosphorus was next selected for study as a possible cause of 
difference. Inorganic solution of potassium acid phosphate when 
added to uranium-zine acetate solution in addition to a known 
amount of sodium chloride, either directly or after wet ashing, 
failed to increase the weight of the precipitate above the theoretical 
value. However, when the same amounts of inorganic solutions 
were dry ashed, the resulting precipitate was appreciably in- 
creased (Table II). These results demanded further investiga- 
tion. It appeared as if the amount of phosphorus present might 
not be as significant a factor as the form in which it occurred. 
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Recovery of Sodium after Wet and Dry Ashing 


NaCl (120.8 m.eq.) 

Serum 

Pleural fluid 

Serum 


100 mg. P per 


100 ce. as KH.PO, 
Serum 
Ultrafiltrate 
Concentrated residue 


Serum 


Concentrated residue 
Serum 

Ultrafiltrate 
Concentrated residue 


Serum 


Ultrafiltrate 
Concentrated residue 


Serum 


Ultrafiltrate 
Concentrated residue 
Serum 

Ultrafiltrate 
Concentrated residue 
Serum 

(Itrafiltrate 
Concentrated residue 
Serum 

Ultrafiltrate 
Concentrated residue 
Serum 

Ultrafiltrate 
Concentrated residue 


TABLE I 


Wet ash 


Pp 


123. 
132. 
141. 
137. 


137. 
142. 


140.; 


137. 
141. 


137.; 


P re- 


present moved 
(1 


(2) 
mer). 
4 


0 | 
0 133.0 


Dry ash 

g P re- 
present moved 

(3) (4) 
m.eq. 
121.5 
126.3 
133.8 
134.5 134.0 
147.8 | 134.5 


133.6 
143.0 
139.0 


139.3 
132.6 
136.8 
145.0 
132.9 


Differ- 
ence 


me. 


+ + 


(3) — (4 


+0. 


+3.4 


+3. 


3) 


we 


Protein 
content 


gm. 
per cent 


| 
} 
1.5 13.17 
) 
i 136.2 132.7 +3.5 6.26 
7 138.3 138.1 
| 135.0 129.2 +5.8 13.08 
5 129.4 | 124.3) +5.1 
130.3 | 128.7) +1.6 
122.8 7.06 
6 136.1 | 133.7; +2.4 
134.4 | 134.4 | 
134.4 131.0 | 
134.0 132.0 +2.0 
136.8 131.8 +5.0 | 
| ~ 138.8 134.1 +4.7 
134.4 | 136.5| —2.1 
129.1 | 124.9! +-4.2 | 21.25 
q 140.2 139.8 +0.4 6.89 
140.9 141.8 —O 
140.4 136.6 +3 12.08 
140.7 | 137.3) +3 7.00 
| 136.4 14.66 
139.8 +3 7.69 
144.7 e 
137.4 4-4 18.66 
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Serum which had been wet ashed was then analyzed before and 
after removal of phosphorus. Although Barber and Kolthoff 
(7) noted that the presence of ammonium sulfate did not affect the 
recovery of sodium, we found that the procedures used in the 
removal of phosphorus from the wet ash, with ferrie sulfate and 
ammonia, yielded an appreciable blank (equivalent to about 75 
mg. of the triple salt). If this ammonium sulfate were driven 
off under the usual conditions of dry ashing, the possibility of a 
loss of sodium could not beoverlooked. It was decided, therefore, 
to bring the temperature of the mufHe to 300° and to remove the 
dish as soon as fumes ceased to be given off. 


TABLE I] 


Effect of Addition of Inorganic Phosphate on Recovery of Sodium after Wet 
and Dry Ashing 


Nature of solution 


Ana- Dry ash, 
Wet ash error lory ash Error kirror 
Natl ashing removed 
m.eq. mM meq. m.eq. m.eq. m.eq. me eq. 
128.0 3.2 128.4 0.4 127.0 -—1.0 
124.5 3.2 | 124.7 | 0.2 | 125.6 0.5 
124.5 9.7 | 126.1 | 0.6 | 124.7 ).2 
128.8 | 120.7 | 0.9 
120.8 0 121.6 | 0.8 | 121.5 0.7 
120.8 3.2 128.1 7.3 120.2) —0.6 
Na sO, 


135.0 32.2 141.1 | 6.1 | 136.9} 0.9 


Since ammonium sulfate decomposes at 280°, this salt would be 
eliminated and the question of a loss of sodium from this source 
could be obviated. A sample of serum was treated in this manner 
and the resulting sodium values compared with those treated as 
described by Butler and Tuthill, as well as by the dry ashing 
method with and without. removal of phosphorus. To another 
portion of the serum, inorganic phosphorus was added and its 
effect noted. These results (Table I, Experiment 2) supported 
the previous findings in that the result with wet ashing was higher 
When phosphorus was not removed, while there was not so great a 
difference in the case of the dry ashed portion in spite of the fact 
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that inorganic phosphorus can be converted to a form which does 
give high results by the same procedure. 

Table III gives the results of the recovery of sodium, comparing 
the various ashing methods, on twenty-two different sera. Ex- 
cept for one determination in which the results agree within 0.1 


TaBLe III 
Comparison of Analyses of Serum for Sodium, with Various Methods 


of Ashing 
Phosphorous not removed | Phosp! Difference 
osphorus 
| ash (1) — (2) (2) — (3) (1) (3) 
m.€q. | m.eq. meq. | m.eq. m.eéq. m.eq. 
ms: i 
140.9 138.0 +2.9 
140.7 140.2 +0.5 
141.5 139.3 +2.2 
140.3 136.5 134.9 | +3.8 +1.6 +5 
141.0 136.5 134.9 +4.5 +1.6 +61 
129.0 128.5 +0.5 
| 140.3 137.4 +2.9 
| 137.1 133.3 +3.8 
| 337.5 134.4 +3.1 
135.8 133.7 2.1 
141.1 141.2 —Q.1 
136.2 | 138.2 132.7 —2.0 +5.5 +3.5 
4. +4.1 
137.7 136.2 132.7 +1.5 +3.5 +5.0 
129.4 124.3 
136.1 133.7 +2.4 
134.4 130.0 +4.4 
138.8 134.1 +4.7 
140.2 130.4 +0. 
136.2 134.9 +1.3 
139.8 () 


136.8 +3. 


milliequivalent all of the results on phosphorus-containing ash 
are higher than those in which phosphorus had been removed. 
The average difference is 2.7 milliequivalents. | 

Since the data thus far obtained pointed directly to the presence 
of phosphorus as the disturbing factor, it seemed advisable to 
study biological material of varying phosphorus content. In 
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eight instances serum was filtered through cellophane under 
pressure, and sodium determined in the serum, filtrate, and 
concentrated residue before and after phosphorus removal. In 
five instances proteins were determined on serum and substrate 
as an indication of the degree of concentration obtained. From 
the results in Table I, Experiments 4 to 11, it may be seen that in 
filtrate, which contains the smallest amount of phosphorus, all 
of which is in a filtrable form, the results agree within the error of 
the method. In serum and substrate, which contain also non- 
diffusible (chiefly lipoid) phosphorus, the results by the various 
methods differ far beyond the limits of error of these methods. 
These differences are consistent in only one respect. Failure to 
remove phosphorus yielded values always as high and usually 
higher than those obtained after removal of phosphorus. 

There is also a consistency in the order of values by the dry 
ash procedure with removal of phosphate that may have some 
significance. It is to be expected that the concentrations of 
sodium in filtrate, serum, and substrate should vary inversely as 
the concentrations of protein in these solutions; 7.e., filtrate 
> serum > concentrated residue. It will be seen that this is 
true of all the analyses with phosphate removed except for Ex- 
periments 6 and 7, in which serum and concentrated residue, within 
the limits of error of the method, are the same. On the other 
hand, the order is disarranged in both the wet ash and dry ash 
methods without removal of phosphorus in Experiment 2, and 
in three of those analyses by dry ashing without removal of 
phosphate in which a proper order was secured after the removal of 
phosphate (Experiments 8, 9, and 10). 

Attention must again be called at this point to the study of the 
distribution of base between cells and serum published earlier by 
Hald and Eisenman (2). In this study the agreement between 
measurements of the sums of individual bases and of total base 
separately determined in both serum and whole blood was alto- 
gether too exact to be fortuitous. 

In another series of determinations, it was found that at any 
one time checks might be secured by two analysts without the 
removal of phosphate; but that repetition of the analysis at another 
time might yield quite different values. When phosphorus was 
removed, however, consistent results were obtained on repeated 
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occasions. Apparently at a given time relatively constant con- 
ditions were established, which might not obtain on another ocea- 
sion. 

A final experiment was undertaken to exclude the possibility 
that the lower results secured by dry ashing with iron could be 
attributed to loss of material. A solution containing a known 
eoncentration of sodium was dry ashed with and without the 
addition of varying known amounts of phosphorus as KH2PO,. 
The resulting ashes were extracted with water and then diluted to 
The solutions of the extracted ashes were divided into 
The first part was analyzed directly for sodium and 
The second fraction was wet ashed and analyzed for 


volume. 
two parts. 
phosphate. 


TABLE IV 
Effect of Reashing in Wet Way, a Known Solution lo Which P Had Been 
Added in Varying Concentrations, upon Recovery of Sodium 


; Solution Dry ash 
Dry ash Error followed by Error 
KH,PO, wet ash 

m.eq. mM m.eq. m.eq. m.eq. 
A 135.0 None 133.5 —1.5 136.8 +1.8 
B 135.0 135.0 147.6 +12.6 
C 135.0 16.1 139.5 +4.5 137.5 +2.5 
1) 135.0 21.9 133.5 —1.5 136.5 +1.5 


both phosphorus and sodium. ‘The results of the analyses are 
presented in Table LV. 

It should be mentioned first that phosphorus was recovered 
completely in every instance. ‘Total phosphorus was determined 
by wet ashing with HoSO,; and HNO;. Remaining traces of HNO; 
were removed with urea. The final determination was made 
by the method of Benedict and Theis (8). This proves quite 
conclusively that the inconsistency of the high values cannot 
be attributed to the losses of variable amounts of phosphorus, 
but that it is the state to which it is converted that influences 
the analytical results. This is strikingly brought out by Determi- 
nation B, in which the recovery of sodium after dry ashing agreed 
exactly with theory, while a portion of the same dry ash, when 
reashed by the wet method, gave 12.6 milliequivalents in excess 
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of theory, although it contained the same amount of phosphorus. 
Furthermore in Determination D with more than twice as much 
phosphorus, results by both procedures agree, within the limits 
of analytical error, with theory. Finally, it is quite evident that 
the lower values secured by dry ashing cannot be attributed to 
dissipation of sodium, since when the same ash is subsequently 
subjected to the procedure of wet ashing, the usual erroneously 
high figures are obtained. 


DISCUSSION 


The various methods discussed here yielded satisfactory results 
when they were applied to solutions of pure sodium salts, and at 
times, In &@ most Capricious manner, to similar solutions to which 
phosphate was added. Even when the methods were applied to 
biological fluids, the differences in analytical results were consistent 
in only one respect: no method ever gave lower values than dry 
ashing with removal of phosphate. It was not possible, therefore, 
to attack the subject directly. The experiments which are here 
reported represent only a small fraction of the work actually done 
to establish the validity of our technique. They have been 
selected as the most significant. The material which has been 
omitted to save space is all consistent with that which has been 
presented. It consists of experiments of a confirmatory nature 
not so well devised to elucidate the sources of analytical error, 
and much preliminary searching that preceded the discovery that 
phosphate lay at the root of the difficulty. The results of this 
study should demonstrate beyond doubt that in the determination 
of serum sodium, the removal of phosphorus is essential if con- 
sistent and reliable values are to be obtained. It has been shown 
that it is not only possible but most probable that results obtained 
by analysis of material containing phosphorus, unless this is 
removed after ashing, may be falsely high to a varying degree. 
It has been stated in the literature quite conclusively by some 
investigators that phosphorus in the amounts present in serum 
combines with the uranium-zine acetate in such a manner as to 
produce a negligible error. While this conclusion appeared at 
first to be acceptable from the behavior of inorganic phosphorus 
solution added to either known solutions or serum before wet 
ashing, it proved to be quite inapplicable to serum which contained 
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phosphorus in a different form. In the analysis of whole blood 
for sodium it is quite generally agreed that removal of phosphorus 
is necessary. The technique which we have used is exactly the 
same for both whole blood and serum. The addition of a drop 
of ferric sulfate previous to dry ashing, to parallel the iron salt 
natively present in whole blood, furnishes a very simple and easy 
method for removing phosphorus. As far as we can determine, 
it is a feasible and reliable procedure. 


SUMMARY 


The uranyl zinc acetate method, when applied to biological 
materials, may yield erroneously high values for sodium unless 
phosphate is removed. 
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A POLYSACCHARIDE IN TUMORS DUE TO A VIRUS 
' OF LEUCOSIS AND SARCOMA OF FOWLS* 


By ELVIN A. KABAT 


(From the Depariment of Pathology, Cornell University Medical College, 
New York City) 


(Received for publication, June 21, 1939) 


In the course of a study on the nature of the causative agents of 
leucosis of fowls, being carried out in collaboration with Dr. J. 
Furth, it was observed that the growth of one of the strains 
(Strain 13) (1), which gives rise both to sarcoma and to erythro- 
leucosis, contains large quantities of mucinous material. From 
this it has been possible to isolate a polysaccharide by methods 
used for the preparation of the pneumococcus specific polysac- 
charides (2). This polysaccharide has been shown by its chemical 
properties and by enzyme hydrolysis to be similar to, if not identi- 
eal with, the one found in vitreous humor and umbilical cord (3, 4), 
mucoid hemolytic streptococci (5), and synovial fluid (6). 


EXPERIMENTAL 


23 months after inoculation with tumor particles, Chicken 
7506 was observed to have a very large tumor (4 to 5 inches in 
diameter) in the right leg, which contained a large amount of 
very viscous fluid. With a hypodermic syringe, over 350 ml. of 
fluid were withdrawn. 150ml. of the viscous fluid were repeatedly 
shaken with chloroform until the chloroform shaking contained 
only traces of precipitate, and precipitated with aleohol (2) in 
the presence of sodium acetate. It was found necessary to use 
23 to 3 volumes of alcohol to precipitate the polysaccharide com- 
Retely. The material was washed several times with 70 and 95 
per cent alcohol, filtered, and dried. The yield of purified poly- 


* This investigation has been supported by a Fund for the Study of 
Leukemia, and by grants from the Jane Coffin Childs Memorial Fund for 
Medical Research and the Lady Tata Memorial Trust. 
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saccharide was 195 mg., which amounted to about 11 per cent of 
the total acetone-precipitable material in the original fluid. 

The properties of the preparations are given in Table I. Prep- 
aration 7506-B is a better preparation than No. 7506-A, obtained 
by more prolonged shaking of another portion of fluid with CHCI,. 
as can be seen by comparison of the N values. Preparation 
8036 is a preparation from about 55 mi. of fluid, obtained from a 
small young bird which weighed about 300 gm. Preparation 
8036 was purified in the same manner as No. 7506 and was pre- 


TABLE | 


Properties of Polysaccharide Obtained from Tumor Fluid 


& 
—4 
> wei 8S, 
per per per per per per 
degrees 
cent cent 9 cent cent cent cent 


7506-A, Na salt 8.04 3.6 —100§ 8.5 36.1 35.4 68 7.44 


aa 7.18 2.9 —125§11.0 40.7 70 
8036, free acid 0 3.8 | —82 10.2 38.6 84 400 
Synovial fluid poly- 
saccharide (6) 3.67 —68.8 9.4 41.3 38.2 455 


* Analysis performed by Mr. William Saschek of the Department of 
Biochemistry, College of Physicians and Surgeons, Columbia University, 
through the courtesy of Professor H. T. Clarke. 

+ Calculated to the ash-free basis. 

t 0.1 per cent solution in 0.9 per cent NaCl. 

§ Valves difficult to determine accurately owing to opacity of solution. 


cipitated twice in the cold with glacial acetic acid and isolated as 
the free acid. 63 mg. were obtained. Nitrogen was determined 
by the micro-Kjeldahl method, acetyl as described by Heidel- 
berger et al. (2), uronic anhydride by the method of Burkhart, 
Baur, and Link (7), and reducing sugars after acid hydrolysis 
by the Hagedorn-Jensen method (8).  Viscosities were measured 
in an Ostwald viscometer at 20°. In calculation of the ash, all 
the cation present was assumed to be sodium. Glucosamine was 
determined through the courtesy of Dr. K. Meyer. 
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100 mg. of Preparation 7506-B tumor polysaccharide oxidized 
with HNQOs (sp. gr. = 1.15), and treated according to van der 
Haar (9), yielded potassium acid saccharate, identical in crystal- 
line form with a specimen prepared from glucose, indicating the 
presence of glucuronic acid. The silver salt was prepared from 
the potassium acid saccharate and analyzed. Ag, caleulated, 
50.7 per cent; found, 50.6. Mucie acid was not found. 

The behavior of a sample of Preparation 7506-A toward hy- 
drolysis by an enzyme preparation from the pneumococcus was 
compared by Dr. Kk. Meyer with a sample of synovial fluid poly- 
saccharide. Solutions of 5 mg. per ml. of both substances were 
incubated with 0.1 mg. of a pneumococcus enzyme preparation 
and the reduetion determined (3). The results in Table IT indi- 


TABLE II] 
Comparison of Rate of Enzyme Hydrolysis 


Reducing sugar found (as glucose) in mg. from a 5 mg. sample. 


Polysaccharide 2 hrs. 21 hrs. 45 hrs. 
V-69 (Synovial) 2.56 2.73 


7506-A (Tumor). 1.33 2.17 2.35 


cate that the two substances are identical or very similar, except 
that the sarcoma polysaccharide is somewhat less pure. The 
synovial fluid material is the free acid and is ash-free, whereas 
the sarcoma material is the sodium salt and contains 8 per cent 
ash. Thus far no other polysaecharide has been found which 
ean be hydrolyzed by this enzyme. 

Precipitm and complement fixation tests with antisera pre- 
pared by immunizing rabbits with ground tumor extracts failed 
to show any immunological activity attributable to the poly- 
saccharide. 

DISCUSSION 

The data presented above indicate that the mucinous appear- 
ance of the tumors and the viscosity of the fluid are due to a 
polysaccharide. With the exception of the optical rotation, the 


data summarized in Table I and the establishment of the presence 
of glucuronic acid are in good agreement with those for the poly- 
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saccharide obtained from other sources, vitreous humor, human 
umbilical cord, synovial fluid, and the mucoid hemolytic strepto- 
coccus. For comparison values for the synovial polysaccharide 
(6) are included in Table I. The ash content of the preparations 
from tumor was somewhat higher, owing to the necessity of using 
a higher alcohol concentration to precipitate the polysaccharide 
than that used by other workers. The results of the enzyme 
hydrolysis (Table Il) offer additional indication of the close 
similarity of the substances, since the rates of hydrolysis are quite 
close, if we allow for the difference in purity, and since no other 
polysaccharide has yet been found which can be hydrolyzed by | 
this enzyme. 

Since this or a similar polysaccharide is present in synovial 
fluid and since it was isolated from tumors present near the knee 
joint, the possibility had to be considered that the viscous fluid 
was produced by the synovial cells. Autopsy of Chicken 8036 
by Dr. J. Furth showed that the synovial membranes were intact 
and the joints normal. Moreover, the tumor has the same mucin- 
ous character when growing in breast muscle or in the peritoneal 
cavity where synovial cells are absent. 

The amount of mucinous material produced varies with differ- 
ent chickens and with the site of tumor growth. In muscle and 
connective tissue large amounts frequently are produced, but 
metastatic nodules in the liver are usually free from any marked 
viscosity. In occasional animals the abdominal cavity is filled 
with large quantities of viscous fluid. When the virus is injected 
intravenously, erythroleucosis develops and death usually occurs 
from abdominal hemorrhage without any noticeable amounts of 
viscous fluid. It is highly probable that the tumor cells them- 
selves rather than surrounding muscle tissues produce the poty- 
saccharide, since ground tumor tissue is usually viscous, whereas 
normal tissue extracts are not. The viscosity of tumor extracts 
ean be rapidly reduced by addition of a small amount of enzyme 
and warming to 37°. 

The elaboration of viscous material is characteristic of many 
neoplasms of both mammals and birds; connective tissue growths 
rich in this mucinous material are designated as myxomata or 
myxosarcomata. The similarity in gross appearance of these 
mucinous tumors to growing fetal tissues was pointed out by 
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Wells (10) in 1925, and the finding that similar polysaccharides 
are responsible for the mucinous character of both Wharton's 
jelly of umbilical cord (4) and tumor growth provides a chemical 
basis for Wells’ observation. The viscosity of different chicken 
tumors has often been noted by other investigators and studies 
are in progress to determine whether tumors produced by viruses 
other than Strain 13 produce a similar polysaccharide. The 
identification of the substance responsible for the mucinous char- 
acter of mammalian myxomata should prove of considerable 
interest. 


The author is indebted to Dr. Karl Meyer for the enzyme 
hydrolysis and glucosamine determinations, to Dr. Michael Heidel- 


berger for the use of apparatus, and to both for valuable sug- 
gestions. 


SUMMARY 


A polysaccharide has been found in tumors produced by a 
virus causing fowl sarcoma and leucosis. It is very similar in 
its chemical properties and in its behavior toward a pneumococcus 
enzyme preparation to that isolated from vitreous humor, umbili- 
eal cord, synovial fluid, and the mucoid hemolytic streptococcus. 
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A SIMPLIFIED TEST-TUBE PHOTOELECTRIC COLORIM- 
ETER, AND THE USE OF THE PHOTOELECTRIC 
COLORIMETER IN COLORIMETRIC ANALYSIS 


By WILLIAM H. SUMMERSON 


(From the Department of Biochemistry, Cornell University Medical 
College, New York City) 


(Received for publication, June 10, 1939) 


Within the past few years a number of different designs of 
photoelectric colorimeters have been deseribed in the literature. 
The characteristics of certain of these, of both the single photocell 
and double photocell type, have been discussed by Mellon (1). 
Perhaps the most significant of the single photocell type is that of 
Evelyn (2), and current interest in photoelectric colorimetry in 
analytical biochemistry is based to a considerable extent on the 
stimulus of the Evelyn colorimeter. In our experience, however, 
the double photocell design is superior to the single photocell 
design in respect to general convenience of operation, reproduci- 
bility of measurements, and simplicity and economy of construe- 
tion. ‘The purpose of this article is to describe a photoelectric 
colorimeter of the double photocell type, which we have used 
essentially in its present form for over 2 years, and which possesses 
a sufficient number of unusual features to distinguish it sharply 
from any other photoelectric colorimeter with which we are 
familiar! Certain general aspects of the use of the photoelectric 
colorimeter in colorimetric analysis which appear to us to require 
emphasis at the present time are also considered here. 

Our original work with photoelectric colorimeters was based on 
the variable layer photoelectric comparison photometer developed 
by Goudsmit and Summerson (3). In our opinion this instru- 
ment is the most precise photoelectric colorimeter available at 


! This instrument may be obtained from the Klett Manufacturing Com- 
pany, Inc., 179 East 87th Street, New York, to whom we wish to express 
our appreciation for much valuable cooperation in its development. 
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the present time for certain types of colorimetric analysis. It is 
doubtful, for example, whether the precision of better than +0.02 
mg. per cent of blood creatinine routinely obtained by Goudsmit 
(4) using this instrument for the analysis of blood filtrates could 
have been obtained with any other type of photoelectric colorim- 
eter under comparable analytical conditions. The variable 
layer colorimeter has the inherent advantage over the more com- 
mon type, in which a constant solution thickness is used, in that 
the relation between scale reading and concentration is independ- 
ent of the depth of color present in the system, and the precision 
of measurement 1s limited largely by the sensitivity of the photo- 
electric cell to small changes in light intensity. In colorimetry 
depending on color measurement through a constant depth of 
solution, however, the relationship between scale reading and 
concentration 1s in general a logarithmic one, and the change in 
scale reading (for a linear scale) with respect to unit change in 
concentration becomes smaller and smaller as the concentration 
increases. Furthermore this relationship is a characteristic of 
the particular colored substance under investigation, so that the 
accuracy with which concentration may be determined is also a 
funetion of the nature of the substance itself. For these reasons 
the conditions of color development must be rather carefully de- 
fined in order to insure satisfactory results when this type of 
colorimeter is used. 

As opposed to the limitations mentioned above, however, color 
measurement through a constant depth of solution possesses a 
number of advantages over variable layer colorimetry. Since 
there is no necessity for mechanical means for varying the solution 
thickness, the design of the colorimeter may be simplified to such 
an extent as to facilitate considerably the carrying out of colori- 
metric measurements. Full advantage may be taken of the use 
of selective light filters to increase the sensitivity and specificity 
of measurement, and with a constant solution thickness the in- 
fluence of extraneous color or turbidity may be mere closely con- 
trolled than where variations in solution depth cause variation in 
the relative amounts of such factors present. Finally it is possible 
easily and simply to correct for the presence of a blank color, and 
it is almost impossible to do this with the variable layer colorim- 
eter without resorting to correction factors or tables. 
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For these reasons, therefore, we were led to the development of 
the photoelectric colorimeter which is described here and which 
is based on color measurement at a constant depth of solution. 
The instrument may be briefly characterized as a double photocell 
photoelectric colorimeter, employing standardized interchangeable 
test-tubes as solution containers, and with potentiometric meas- 
urement of the changes in current output of the photoelectric 
cell against which measurements are made. Emphasis is placed 
on the use of selective light filters for all measurements. Readings 
are in terms of a simplified logarithmic scale, and for many color- 
metric procedures the scale readings are directly proportional to 
eoncentration over a rather wide range. The logarithmic scale 
is as easy to read and use as a linear scale, and dispenses with the 
necessity for logarithmic tables or the graphical presentation of 
data on semilogarithmic paper. The concentration of unknown 
solutions is obtained directly from the scale reading by simple 
calculation, either by the use of a calibration factor or more com- 
monly with reference to the reading and concentration of a 
simultaneously prepared standard, just as is customarily done in 
visual colorimetry. 

The design of the instrument is such that measurements are 
independent of the actual value of the photoelectric cell current, 
and depend only on differences in current output for the unknown 
solution as compared to the reference standard. Readings are 
not influenced by fluctuations in the light source, thus eliminating 
any need for storage batteries or constant current regulators; and 
delicate and expensive meters for current measurement are re- 
placed by a null point method requiring a simple wire-wound 
potentiometer and low sensitivity galvanometer, with no sacrifice 
to the precision of measurement. 

Details of Colorimeter ~The essential features of the instru- 
ment may be seen from the photograph (Fig. 1) and the sketches 
(Fig. 2). Light from a 100 watt projection lamp activates each 
of two “blocking layer’ photoelectric cells mounted at the rear 
of individual enclosed compartments, the light entering the com- 
partments through rectangular slits in the face of each compart- 
ment opposite the photoelectric cell. Through an opening in the 
top of one compartment the test-tube containing the solution 
under examination is interposed in the path of light striking one 
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kia. Photograph of the photoelectric colorimeter. The potentiom- 
eter scale is read directly above the potentiometer knob on the front of 
the instrument. The zero adjustment knob (the only control associated 
with the routine use of the instrument) can be seen on the side of the lamp 


housing, near the base. 


Fic. 2. Diagrammatie details of the photoelectric colorimeter. A, 
schematic view of the rear half of the instrument, in section from above; 
B, view across the line 00 in A, looking toward the front of the instrument; 
(. wiring diagram of the photoelectric cell circuit. 7, lamp housing: 2, 
lamp; 3, light filter; 4, instrument housing; 5, compensating lenses; 6, test- 
tube: 7, ‘‘working’’ photoelectric cell; 8, ‘‘reference’’ photoelectric cell: 
9, metal tube (light shield); 10, photoelectrie cell compartment housing: 
11, light slits in compartments; P?, 400 ohm potentiometer; R, 400 ohm fixed 
resistance: G, low sensitivity galvanometer. 
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of the two photoelectric cells, called the working cell. When the 
tube is in place in the instrument, only light which has passed 
through the solution in the tube strikes the surface of the working 
eell, and the current output of this cell thus becomes a measure of 
the light-absorbing properties of the solution. 

The second photoelectric cell, called the reference cell, is con- 
tinuously activated by the source of light and is in no way affected 
bv the procedure of measurement on an unknown solution. The 
sole purpose of this cell is to furnish a source of current against 
which changes in the current output of the working cell may be 
measured. It is the equivalent of the standard cell in the well 
known potentiometric circuit, whereas the working cell corre- 
sponds to the “unknown” cell (z.e. the cell whose current output 
is to be measured relative to that of the standard cell). 

The réle of the second photoelectric cell in a double photocell 
photoelectric colorimeter has been so frequently misunderstood 
that it should be pointed out here that this cell could be replaced 
by a non-photoelectrie reference cell of suitable characteristics, 
and measurements would not be affected in any way provided the 
light source were maintained absolutely constant in intensity. 
The photoelectric cell as a reference cell has the unique advantage 
that at potentiometric balance fluctuations in light intensity will 
cause the reference current to vary to the same relative extent 
that the current from the working cell varies, and thus cause no 
differential current flow between them. It is this feature which 
enables the instrument to be used on any power supply, without 
regard to line voltage variations. 

This has been discussed in some detail here because of the com- 
mon opinion that in photoelectric colorimeters with two cells 
measurements are related to the spectral and electrical character- 
istics of both cells, and that variations in either cell will influence 
color measurement. It is clear from what has just been said that 
in so far as the design of the instrument described here is con- 
cerned, all measurements are obtained in terms of the color re- 
sponse of one cell only, and that the problem of cell stability (if 
it exists at all) is the same as in single cell photoelectric colorim- 
eters. In our opinion the double photocell colorimeter has so 
many added advantages over the single cell type as to make it 
the method of choice. 
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Color measurements are in terms of the seale attached to the 
potentiometer. The scale records the position of the sliding con- 
tact with respect to the full length of the potentiometer resistance, 
the 0 reading corresponding to the condition in which the full 
value of the potentiometer resistance is in the galvanometer cir- 
cult. Measurements are carried out by placing the reference 
fluid (the pure solvent or the reagent blank) in the instrument, 
setting the potentiometer scale to read 0, and bringing the two 
photocells to current equivalence through the galvanometer by 
means of the adjusting device described below. It is apparent 
from the principles of potentiometric measurement that if the two 
cells are brought to exact current equivalence as described, any 
decrease in the working cell current relative to its initial value may 
be accurately measured as a known fraction of the distance along 
the potentiometer scale by moving the sliding contact until 
potentiometric balance is restored. When the reference fluid is 
replaced by the fluid under examination, therefore, any decrease 
in current output of the working cell caused by a difference in 
light transmission between the two fluids is established by varying 
the position of the sliding contact on the potentiometer until 
potentiometric balance has been restored. The reading on the 
potentiometer scale at this point is the measure of the fluid under 
examination. 

Zero Adjustment —It is clear that for the measurements to have 
any significance the two photoelectric cell currents must be exactly 
equivalent when the reference fluid is in place in the colorimeter 
and the scale reads 0. The establishment of current equivalence 
is effected by the relatively simple process of shifting the position 
of the colorimeter lamp parallel to the plane of the two photo- 
electric cells. This changes the relative amount of light striking 
each cell, and they may readily be brought to exact current equiv- 
alence regardless of dissymmetries in the mechanical, optical, 
or electrical systems. Alteration of the position of the colorimeter 
lamp is brought about by turning the zero adjustment knob, which 
is located on the side of the lamp housing and is attached to a 
sliding tube on which the lamp socket is mounted. Other devices 
than this have been tried, including the use of a glass rod with a 
portion of its surface frosted, rotatably mounted in the path of 
light striking the reference photoelectric cell so that by turning 
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the rod more or less of the frosted surface could be brought into 
the light path and thus change the intensity of light striking this 
eell, but the method of altering the position of the colorimeter 
lamp Is more satisfactory and permits of a greater range of adjust- 
ment, so that even highly colored reagent blanks may be set to 
read 0 in the instrument. 

The zero adjustment must be made with a test-tube containing 
the reference fluid in place in the colorimeter, since as Evelyn (2) 
has pointed out, the use of a solution container of circular cross- 
section introduces certain factors of reflection and light coneen- 
tration that influence the colorimeter setting even though there is 
no measurable absorption of light by the fluid itself. These 
factors are partly, but not completely, compensated for by the 
lenses shown in Fig. 2. If the colorimeter is set to its 0 reading 
against a reference fluid in a test-tube similar to that which will 
subsequently contain the fluid under examination, any difference 
between the readings of the two fluids must be due solely to differ- 
ences in light-transmitting power and not to any of the factors 
mentioned above. 

The essential point about the zero adjustment is that it is en- 
tirely optical in nature. ‘There are no variable contacts in either 
the lamp circuit or the photoelectric cell circuit that have any 
influence on measurements. The only variable electrical contact 
in the entire instrument is the sliding contact of the potentiometer, 
and of course at the time measurements are made no current flows 
across this contact. ‘The resistance across each photoelectric 
cell is fixed and constant under all conditions. It is doubtless due 
in no small part to the elimination of all variable electrical con- 
tacts that the instrument owes its high degree of stability in ad- 
justment. We have occasionally left the instrument running for 
as long as 36 hours without using it (but with the light burning 
continuously) with no detectable deviation of the galvanometer 
needle from its zero position, 

Such a high degree of stability is not necessarily achieved under 
actual operating conditions. Frequent changes in the nature and 
quantity of light striking a photoelectric cell may cause slight 
variations in current output for a given light intensity, and there 
is the further factor of temperature equilibrium for the instrument 
as a whole. Since all measurements are based on a reading of 0 
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for the reference fluid, in theory the 0 reading should be checked 
after each unknown reading. In practice this is not necessary. 
After the instrument has reached equilibrium (usually in about 10 
minutes from the time the light is turned on) the zero setting 
should not change to any significant extent during a series of ten 
or twenty measurements, or even more, but it is difficult to define 
the exact conditions for checking the zero setting, since it is largely 
a matter of the particular color to which the cell is exposed and 
the individual characteristics of the cell itself. As with any photo- 
electric colorimeter, until familiarity with the behavior of a 
particular instrument is gained, it is well to check the zero setting 
as frequently as seems necessary. In the instrument described 
here, this is readily done by replacing the reference fluid in the 
colorimeter and turning the scale to 0. The galvanometer needle 
should return to its zero position if there has been no change in 
adjustment. 

Test-Tubes test-tubes used as solution containers are of 
uniform dimensions and completely interchangeable. The inter- 
changeability for a given lot of tubes is easily tested by placing 
the same stable colored or turbid solution (a dilute solution of 
India ink in water is quite satisfactory) in each tube and reading 
in the colorimeter. Tubes showing a deviation of more than one 
or two scale divisions from the average should be rejected. For 
more precise work this tolerance can be made smaller, or one tube 
‘an be used for all readings, but the reproducibility of color de- 
velopment is rarely sufficient to justify a smaller tolerance than 
that indicated. An important factor in the use of the tubes is 
their cleanliness, both inside and out, and the absence of seratehes 
on the walls. Seratehed or marred tubes should be discarded. 
Before making a reading, we make it a routine practice to hold the 
tube up to a light to make sure that the walls of the tube and the 
contents are optically clear, and to wipe off the outside of the tube 
with a piece of cleansing tissue before placing it in the colorimeter. 

The dimensions of the tubes (14 & 125 mm.) were selected to 
facilitate the routine use of small volumes in colorimetric pro- 
cedures, and to enable the tubes to be centrifuged in the standard 
15 ec. brass shield of the ordinary laboratory centrifuge. The 
smallest volume that can be safely read in these tubes is 5 cec.; 
more fluid than this has naturally no influence on the measure- 
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ments. Since the curved bottom of the tube is not in the light 
path when the tube is in place in the colorimeter, the contents of 
the tube may in many cases be centrifuged and then read directly 
in the colorimeter, without the necessity for transferring to a 
second tube. We have found this a great convenience. 

The tubes we use are graduated at 5.0 and 10.0 ce., and this has 
proved of value in the many colorimetric procedures which are 
adaptable to color development directly in the tube that will be 
used for making the reading. The tubes may be heated in a water 
bath if the colorimetric procedure calls for such treatment, but 
in this connection it should be remembered that the tube and con- 
tents must be at a standard temperature (e.g. room temperature) 
before being read in the colorimeter; otherwise errors due to 
thermal expansion or to the temperature coefficient of the reaction 
itself may be significant. 

Scale Perhaps the most unusual feature of the colorimeter is 
the scale. This is graduated in such a way that when measure- 
ments are carried out as described above, the reading of the un- 
known solution is measured in terms of the logarithm of the ratio 
between the photoelectric cell current corresponding to the light 
transmission of the reference fluid and the current corresponding 
to the light transmission of the unknown fluid. If these two 
current values are represented by the symbols 7, and 7, respec- 
tively, and the scale reading by R&, the relation between these 
varlous quantities is expressed by the equation, log 7/7, = 0.002R. 
The proportionality factor of 0.002 was selected arbitrarily in 
order to simplify the numerical aspects of the scale, since most of 
the values of log 2,/7, met with in actual practice are less than 1.0. 

The numbering on the scale may be seen from Fig. 3, in which 
is shown an approximate comparison between the logarithmic 
scale of the instrument described here, the linear scale that we 
originally used, and the linear scale on the usual photoelectric 
colorimeter. To compensate on the logarithmic scale for the 
progressive change in the distance between graduations, the scale 
from 0 to 200 is marked for each unit of scale reading, from 200 
to 300 for each two units, and so on. No difficulty tn reading the 
scale is experienced on this account if the degree of subdivision of 
the scale is noted at the place the reading is made, and furthermore 
most colorimetric readings should fall within the lower two-thirds 
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of the scale, where each graduation represents one or two scale 
divisions. The seale itself is a practical illustration of the fact 
that colorimetric readings on relatively dark solutions (7.e., with a 
scale reading of above 400 or so) are much less satisfactory than 
those made on moderately colored solutions, from the point of 
view of relating a change in scale reading to a change in concen- 
tration. The seale is read to the nearest graduation, since inter- 
polation between graduations represents a degree of precision 
which is so rarely obtained in colorimetric analysis as to be of 
little significance. 

As an example of the relation between the scale reading and its 
logarithmic equivalent, if the scale reading FP is 130, the value of 
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hic. 3. Comparison of the logarithmic scale used on the instrument de- 
scribed here (A), a linear scale formerly used (4), and the linear scale of 
the usual photoelectric colorimeter (CC). The finer divisions of the seales 


are not shown. 


log ?,/7, is 0.260; if FR is 250 its logarithmic equivalent is 0.500, and 
so on. In using the scale for colorimetric calculation it is not 
necessary to convert scale readings into their logarithmic equiv- 
alents, since the proportionality factor either cancels out or 
becomes part of the calibration constant for the particular pro- 
cedure. 

The precision of the instrument is such that dupheate readings 
on a stable colored solution have never been found to differ by 
more than 0.3 per cent of the full seale length. This corresponds 
to a precision of one scale division on the 0 to 300 linear scale 
formerly used with this instrument (B in Fig. 3; this was the rea- 
son for selecting this numbering on the linear scale) ;‘and to one- 
third of one seale division on the 100 to 0 seale of the usual photo- 
electric colorimeter. In our experience this degree of precision 
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is greater than the reproducibility of any colorimetric procedure 
that we have studied. 

The value of the seale hes in the fact that under the proper con- 
ditions, and for many of the common colorimetric procedures, the 
eoncentration of colored substance, ¢, is directly proportional to 
log 2./tz, and it therefore follows that under these conditions the 
relationship between concentration and scale reading is expressed 
by the simple equation, e = kR. The simplification which this 
introduces into photoelectric colorimetry with this type of colorim- 
eteris obvious. Itis no longer necessary to use logarithm tables 
or to plot linear scale readings against concentration with semi- 
logarithmic paper in order to establish the proportionality between 
the two. If the value of & for a particular colorimetric procedure 
can be established with accuracy, the concentration of unknown 
is readily obtained from the scale reading by simple calculation. 

Perhaps the most striking advantage in the use of this type of 
scale lies in the ease with which two solutions of differing con- 
centrations may be compared.  Imf one of these is called the stand- 
ard, with a concentration c, and a reading F,, and the other is of 
unknown concentration, ¢,, giving a reading FR, in the colorimeter, 
then the relation between these quantities is expressed by the 
equation, ¢./R, = c,/R,, from which the concentration ¢, of the 
unknown solution may be readily determined in terms of the 
standard concentration as follows: c, = F,-(¢e./Rs,). It will be 
noted that this relation between unknown and standard is similar 
to that long used in variable layer colorimetry, except that there 
is a direct proportionality instead of an inverse proportionality 
between concentrations and seale readings. 

The ratio 7,/2, as obtained in the photoelectric colorimeter is 
frequently called the “per cent of light transmission,”’ 7’, when 
the reference standard fluid is pure water or other fluid with 
negligible hght absorption. The use of this term ignores the fact 
that what is actually measured by a photoelectric colorimeter is 
not light intensity but photoelectric cell current, and that the 
value of the current depends not only on light intensity but also 
on light wave-length and on the characteristics of the electrical 
circuit itself. With a well designed electrical cireuit and with 
monochromatic light it is possible to measure the per cent of light 
transmission of a fluid with the photoelectric cell, but these criteria 
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are not satisfied by the ordinary photoelectric colorimeter, and 
the use of the term ‘“‘per cent transmission’’ for measurements 
under these conditions should be abandoned. 

It is for this reason that we prefer the term colorimeter to pho- 
tometer, since the accepted definition of a colorimeter in analytical 
chemistry is that it is simply an instrument for quantitatively 
relating the color intensity of one fluid to that of another, while the 
term photometer implies the actual measurement of the light- 
absorbing properties of the fluid, and the photoelectric colorimeter 
‘annot do this except under the rigid conditions defined above. 

Light Filters--We routinely use selective light filters in con- 
nection with all measurements, colorimetric or turbidimetrice. 
These filters in general have a spectral width of 50 to 75 milli- 
microns. The value of filters with a relatively narrow spectral 
transmission has been thoroughly established by the work of 
Evelyn and his collaborators, who were the first to stress the use 
of this type of filter as compared to the rather wide filters used 
previously. In this connection, however, it must be remembered 
that the photoelectric colorimeter equipped with hght filters is 
in no sense a spectrophotometer, since it is impossible to obtain 
monochromatic light from a source of continuous spectrum with 
any type of light filter with which we are familiar. 

Filters for routine use are permanently mounted in wooden 
holders, and are inserted in the colorimeter between the lamp 
housing and the instrument proper. For studying the appli- 
cability of different filters to our colorimetric problems, we have 
also used a filter holder made to.carry the standard 2 inch square 
form of light filter. Thus far only glass filters have been used, 
since they are quite stable and it is possible to obtain almost any 
desired spectral range by the proper selection and combination of 
such filters as are readily available on the market, but because of 
the low heat intensity of the light from the lamp housing it should 
be possible to use light-stable dyed gelatin filters for special pur- 
poses. 

The switch on the lamp housing has been so placed as to make it 
necessary to turn the lamp off when a filter is removed from the 
colorimeter, since a sudden change from filtered light to much 
stronger unfiltered light may distort the response of the photo- 
electric cell to such an extent as to require half an hour or so before 
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equilibrium is again restored. When one filter is changed for 
another, it is also well to allow the instrument to run for 5 or 10 
minutes with the new filter in place before measurements are made, 
although the error from this source is rarely more than a few scale 
divisions, and frequently is not noticeable at all. 
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Fic. 4. The influence of various light filters on the proportionality be- 
tween concentration and seale reading for the Folin-Wu blood sugar 
method. ‘The numbers for each curve represent the approximate spectral 
transmission of the filter used, in millimicrons. The same series of solu- 
tions was used throughout. 


The selection of the proper light filter is largely dependent on 
the particular colorimetric procedure in question, but as an ex- 
ample of some of the principles involved, the data of Fig. 4 are 
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presented. This shows the relation between concentration and 
scale reading for the Folin-Wu (5) blood sugar procedure (not 
modified in any way) as obtained in the photoelectric colorimeter 
with different light filters. It is clear that the proper filter de- 
pends to a great extent on what is required of the procedure. — If 
extreme sensitivity over the lower ranges of concentration is 
desired, a green (or a red filter; not shown) may be used, but the 
color is so deep that only very low concentrations may be accu- 
rately read with these filters. If on the other hand a wide range 
of proportionality over the concentration range most frequently 
met with in actual practice is desired, one of the blue filters is 


used. 

It is also apparent that of the three blue filters studied, one is | 
far superior to the other two from the point of view of general 
applicability. Ashley (6) has pointed out that the proportion- 
ality between concentration and per cent of light transmission in 
the presence of a filter depends to a large extent on the relation- 


ship between the light transmission curves at different concen- | 
trations and the spectral band of the filter, and fer photoelectric ; 
colorimetry we would add other factors which include the spectral ' 
response of the photoelectric cell and the characteristics of the : 
photoelectric colorimeter itself, as discussed above. The extent f 
to which these factors bear the proper relationship to one another L 
determines the degree of proportionality that will be found be- | " 


tween concentration and scale reading, provided of course that c 
the actual amount of colored substance present is itself propor- 


tional to the concentration of material undergoing analysis. 

Choice of the proper light filter is best based on spectrophoto- t 
metric data, but in the absence of such data a hand spectroscope 29 
or even a simple selection of the complementary color may give | di 
satisfactory results, as Miiller (7) has pointed out. It is fortu- th 
nately true that a filter may be found for most of the common m 
colorimetric procedures, so that a satisfactory range of propor- ve 
tionality may be established. Deviations from proportionality ” 
that cannot be overcome in any other way must of course be met " 


by the use of correction factors. 

of Photoelectric Colorimeter in Colorimetric Analysis is | 
becoming increasingly prevalent to use the photoelectric color- ) 
imeter on the basis of previously prepared “calibration curves,”’ 
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which establish the relation between scale readings and solutions 
of known concentration. For those procedures in which satis- 
factory proportionality is found, this is equivalent to establishing 
the value of & in the expression c = kR by determining the value 
of R for known values of c and using this value of k& in the future 
to determine the value ¢ of an unknown solution with a reading R,. 

We have given the “calibration curve’? method a thorough trial, 
and are not impressed by it as a basis for precise colorimetric 
analysis in all but those few colorimetric procedures in which the 
color is a fixed characteristic of the compound itself undergoing 
estimation or is extremely stable and reproducible. It is not 
generally realized that the so ealled ‘‘ealibration curve” is the 
photoelectric equivalent of the familiar “glass standard” or “‘per- 
manent inorganic standard” of visual colorimetry. While such 
standards have their place in certain colorimetric procedures in 
which the color is highly reproducible or in which highest precision 
is not essential and the standard solution is difficult to obtain or 
maintain, they have never been considered in any way the equiv- 
alent of a standard solution for precise colorimetric work. It 
must be recognized that the color produced in practically all 
colorimetric procedures is qualitatively and quantitatively in- 
fluenced by so many variables, such as time, temperature, the 
presence of other compounds, the nature and composition of the 
reagents, and even the rate of addition of the reagents in some 
cases, that it is merely an approximation to define this color in 
fixed terms. 

With regard to photoelectric colorimetry, we cannot agree with 
the opinion that the calibration curve represents color develop- 
ment under optimal conditions. The optimal conditions for 
developing the color on a standard are those prevailing at the time 
the analysis on an unknown is carried out, and not those of 6 
months or a year previous. Until colorimetry is far more ad- 
vanced than it is today, the fundamental basis of colorimetric 
analysis will remain as it always has been, the comparison between 
the color developed by a substance in unknown concentration with 
that developed by the substance in known concentration and 
under as nearly identical conditions as possible. 

As we use the photoelectric colorimeter it simply replaces the 
visual colorimeter as a means for color comparison, with of course 
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the greatly extended scope of analysis made possible by the small 
amount of solution required, the rapidity of measurement, the 
sensitivity of the photoelectric cell, and the use of light filters. 
Unknown solutions are evaluated in terms of the readings of 
standard and unknown as described above. The same problems 
of color stability and proportionality that arise in visual color- 
imetry are met with in photoelectric colorimetry. By the use of a | 
standard solution we do not find it necessary to stress reproduci- | 
bility or stability of color, as is necessary when a calibration curve 
or calibration factor, is used. Since it is possible to read the un- 


TABLE I | 

Precision of Photoelectric Colorimetry in Determination of Serum Inorganic 
Phosphate by Method of Fiske and Subbarow 

Concentration of standard, c, = 5.0 mg. per centina1:5 filtrate. Read- 

ing of standard, Rk, = 350, 350. Concentration of unknown, c,, from formula 


c, = (c,/R,) XK Re. 


Phos- Colorimeter Phos- Phos- 
Nature of sample pa error 
adc pres 
mg. per mg. per mg. per mg. per 
cent cent cent cent ( 
5.0 ce. 1:5 serum filtrate 370, 370 5.28 
 +3.0cc. 143, 145 2.06 2.11  —0.05 
H.O 
2.0 ec. serum filtrate + 3.0 ce. 1.25 234 3.34 3.31) +0.038 | 
H.O containing added phosphate | | p 
188 274 | 3.91 | 3.94 | —0.03 | 
2.50 315 4.50 4.56 —0.06 Ss! 
known against the standard in a few seconds, even rather rapidly 
changing colors may be satisfactorily compared. In the case of = 
unstable colors the familiar assumption must be made that the 7 el 
rate of color fading is the same in the unknown as in the standard, th 
and therefore regardless of the actual values of the readings, as 
the relation between them will be constant. This is of course a by 
dangerous assumption to make unless its truth has been estab- ta 
lished, but errors due to this source are inherent in the analytical | 
procedure and should have nothing to do with the instrument | 3 


used to carry out the color comparison. * 
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We naturally establish the approximate rate of color change for 
the particular colorimetric procedure being used, and attempt to 
eontrol this as closely as possible. In serial analyses we find it 
convenient to include within the series a number of standards of 
the same value. This serves as a check on the reproducibility of 
the standard color, and also enables the time of reading the un- 
known relative to the standard to be more closely controlled. 

As an example of the type of results we routinely obtain with 
this procedure, the data of Table I are presented from our records. 
These data show the recovery of inorganic phosphate added to 
blood filtrates, as determined by the method of Fiske and Sub- 
barow (8). We invariably obtain results as satisfactory as those 
cited if the colorimetric procedure itself is capable of such preci- 


SUMMARY 


The details of an improved photoelectric colorimeter of simpli- 
fied design are presented. The instrument is of the double photo- 
cell type, with potentiometric measurement of photoelectric cell 
current by means of a stable electrical circuit. There is but a 
single adjustment associated with the routine operation of the 
colorimeter, and readings are in terms of a simplified logarithmic 
scale which in many cases gives scale readings that are directly 
proportional to concentration. Thus an unknown solution and a 
standard solution may be compared against one another with the 
same simplicity that is an attribute of the common visual color- 
imeter., 

The use of the photoelectric colorimeter in colorimetric analysis 
is discussed, with emphasis on certain characteristics of the photo- 
electric cell as apphed to color evaluation. It is recommended 
that for precise colorimetric analysis the ‘calibration curve’”’ 
method of photoeleetrie colorimetry be abandoned and be replaced 
by the time honored procedure of comparison against a simul- 
taneously prepared standard 
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LOW MOLECULAR WEIGHT; AND A FATTY ACID 
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Qn numerous occasions it has been demonstrated that fatty 
acids with less than 10 carbon atoms present in the diet are not 
accumulated in rat body fat (1-8). The Cy, acids, myristic and 
tetradecenoic, are the acids with the lowest molecular weights 
normally found in the fat depots. Only small amounts occur 
(1 per cent or less) unless the diet contains large amounts. The 
Cy) and Cy acids have not been reported except when they were 
present in the food. 

There is at best, then, only a limited synthesis of the Cyo, Cy, 
and Cy, acids in the animal body but they are deposited when fed. 
They resemble linoleic and other highly unsaturated acids in this 
respect. Saturated Cyo, Cy, and Cy, acids are readily obtainable, 
inexpensive, and easily recognizable. It is hoped that the use of 
these acids, combined with fatty acid composition studies of the 
various fat depots, will provide an independent means of studying 
the nature of the body’s reserve fat and the conditions governing 
its alteration. 

Channon, Jenkins, and Smith (6) incorporated fatty acids of 
lower molecular weight in rat body fat by feeding young animals 
aration containing 40 per cent coconut oil. After 14 and 21 days, 


* Part of the data presented in this paper was given at the meeting of 
the American Chemical Society at Baltimore, April, 1939. Contribution 
No. 387 from the Department of Chemistry, University of Pittsburgh. 

t National Research Council Fellow in the Natural Sciences. A portion 
of the work was made possible by a grant from the Buhl Foundation. 
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respectively, the fat depots contained 0.9 and 1.2 per cent capric 
acid, 7.8 and 17.2 per cent laurie acid, and 13.4 and 13.8 per cent 
myristic acid. In other work, fasted animals readily deposited 
large amounts of C,s unsaturated acids when fed a corn oil ration 
(9). Powell (3) obtained a fat with 25 per cent laurie acid by 
feeding fasted rats a ration containing 25 per cent. trilaurin. 
From this it seemed likely that a coconut oil ration fed to fasted 
rats would produce a greater deposition of the acids of lower 
molecular weight, particularly lauric and myristic, than had been 
obtained previously. Rats treated in this manner laid down fat 
containing 31.8 per cent lauric acid and 18.1 per cent myristic 
acid, 

The studies of Reed, Yamaguchi, Anderson, and Mendel (10) 
indicated that when rats on a coconut oil diet were fasted the depot 
fat became more unsaturated. These authors pointed out thie 
possibility of a relative increase in phospholipids, during fasting, 
thus accounting for the higher iodine values they observed for the 
fasted animal fat. In contrast, when the depot fat consisted 
mainly of oleic, linoleic, and palmitic acids, only slight changes in 
the fatty acid composition were found during inanition periods 
when the animals were utilizing fat reserves for energy (9, 11). 
In the experiments reported here, slightly increased 1odine values 
of the acetone-soluble lipids were obtained when animals were 
fasted until there was 15 and 30 per cent loss in body weight. 
These changes were found to represent decreased molecular pro- 
portions of lauric and myristic acids and increases in oleic seid. 
They are discussed with relation to the possibility of preferential 
‘atabolism of the saturated fatty acids. 


EXPERIMENTAL 


A depot fat with unusually large amounts of fatty acids of low 
molecular weight was produced by feeding fasted male rats a 
ration in which coconut oil provided 84 per cent of the calories and 
casein 16; 4 gm. per 100 gm. of salts (12) were added and the ration 
was supplemented daily with 500 mg. of dried yeast and | drop of 
haliver oil diluted 1:50 in mineral oil. Following the feeding 
period of 14 days, the animals were divided into three groups. 
One group (non-fasted) was killed immediately. The second and 
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third groups were fasted until they lost 15 and 30 per cent in 
weight, respectively. 

The total lipid material was extracted from the ground carcasses 
by refluxing them with acetone and then ether and the acetone- 
insoluble phospholipids were separated as described elsewNere (11). 
Animal weights and the general character of the acetone-soluble 
lipids isolated from each of the three groups of animals are given 
in Table 1. 


TABLE | 
General Characteristics of Rat Depot Fat 
In each case the body fat was deposited in fasted animals by feeding 
a high coconut oil diet. They were subsequently treated as indicated. 


Fasted, Fasted, 


Non-fasted 15 per cent loss 30 per cent loss 
in weight in weight 

No. of animals | S 6 9 
Average weight 

Before inanition, gm. 226 229 220) 

After 194 154 
Acetone-soluble lipids 

of body weight 14.2 8.9 5.2 

Saponification equivalent 7 254.6 259 .5 259.8 

lodine value 30.8 36.9 40.0 
Lead salt separation of 

mixed acids* 
‘Solid’ acids, gm. 55.4 36.5 21.6 
52.0) 45.3 32.5 
per cent 48.4 09.4 60.1 


* Modified Twitchell procedure (cf. (13)). 


The acetone-soluble lipids were further analyzed for fatty acid 
composition in the customary fashion (methyl ester distillation). 
One set of fractionation and analytical data is given in Table IT. 
This is typical of the data obtained for the three groups of animals. 
These data indicated substantial amounts of saturated esters of 
low molecular weight. In addition, however, they indicated the 
presence of unsaturated material of low molecular weight. Hexa- 
decenoic acid is a recognized component of rat depot fat (6, 8, 
16-19) and tetradecenoic acid has been demonstrated in several 
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instances (8,9, 11). In this case, the data (Table [1) suggested 
in addition the occurrence of a Cy unsaturated acid. 

It was possible that the iodine value of the lower ester fractions 
(Nos. L1 to L7) might have been due to contaminating unsaponi- 
fiable matter. Accordingly, soap solutions of these ester fractions 


TABLE II 
Fractional Distillations* of Methyl Esters from Non-Fasted Group 


acidst “Liguid”’ acidst 


Sa pon- : Sa pon- 
Fraction | weight) | ‘tion | | tion | Weight | tion loti 

lent alent 

SI 5.290 109-110 213.4 0.8 Lil | 2.024 96-108 209.7 9.3 
S2 2.503 110-115 216.5 0.6 L2 = 2.409 108-109 211.7 3.1 
S3 4.161' 115-128 | 221.2, 0.7 | L3 | 2.723; 109 212.6 3.6 
S4 2.532 128-132 230.5 0.0 L4 4.566 109 213.3: 3.4 
S5 5.590 132 240.5 0.2 L5 = 2.088 109-119 218.3 4.6 
S6 | 3.122 132-144 | 248.65 0.4 L6 | 1.971 119-129 | 227.4 12.9 
S7 2.710 144-152 | 255.7 1.2: L7 | 4.207 129-149 | 251.0 50.9 
4.720 152 968.2 1.2 L8 3.073 149-158 271.6 77.0 
S9 6.776 152-154 269.8 1.0 L9 9 3.391 158-169 284.3 85.8 
S10 6.340 154-173. 281.2 7.5 L10 9.035 169 293.9 91.1 
S11 2.435 Residue 305.5 35.1 Lil 4.679 169-170 294.4 91.1 
358 L12 2.606 169 295.7 90.6 
L13 | 2.777 169-175 299.8 92.3 
L14 2.106 Residue 555 89.2 
94 


303§ 


Total. . 46.179 47 .655 


* A 1.5 em. column packed for 60 cm. with glass helices was used (14). 
+ Modified Twitchell procedure (cf. (13)). 

t Rosenmund-Kuhnhenn method (15). 

§ Esters freed from unsaponifiable matter. 


were extracted with ether. The fatty acids were recovered and 
reesterified with practically no change in iodine value. Sufficient 
material was worked up in this way from the three groups to 
obtain further information relative to the unsaturated matter. 

A Cy concentrate with a small iodine value was oxidized with 
potassium permanganate in acetone (20). The fully saturated 
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esters were freed of acidic oxidation products by washing an ether 
solution with successive portions of 5 per cent potassium carbonate 


TABLE III 


Oxidation of Certain Methyl Esters Prepared from Rat Depot Fat 


Original esters 


Length 
of carbon 
chain ; 
rs Meen Iodine 
Weight mol. wt. value Weight 
gm. gm. 
Cie 12.38 213.4 3.6 11.88 
Cis 8.28 244.3 30.3 5.78 


TABLE IV 


Saturated esters 


esters 


Mean 


Unsaturated 


Mean mol. 


rt. 
mol. wt. (calculated) 
213.7 208 
245.4 242 


Composition of Rat Depot Fat (High Coconut Oil Ration) 


Fatty acids Non-fasted group 


weight mole weight mole weight 
per cent percent | percent percent per cent per cent 

Capric. _. 0.5 0.7 0.5 0.7 0.7 1.0 
Lauric..... 26.7 31.8 20.0 24.5 18.6 23.0 
Myristic _. 17.3 18.1 18.4 19.6 14.2 15.4 
Palmitic... 19.9 18.6 20.4 19.4 16.2 15.8 
Stearic.... 3.2 2.0 | 6.0 §.2 
Arachidic...... 0.8 0.6 0.7 0.5 1.2 0.9 
Dodecenoic | 0.6 0.6 0.3 0.4 0.4 0.5 
Tetradecenoic 1.4 1.5 0.8 0.9 1.0 tan 
Hexadecenoic 4.4 4.1 3.9 3.8 4.4 4.3 
23.8 20.1 31.1 26.9 34.9 30.7 
Linoleic _.. 1.4 ‘2 1.9 1.6 2.4 2.1 
Totals 

Cio 0.7 0.7 1.0 

Ch 32.4 25.0 23.5 

19.6 20.5 16.5 

Cis 22.7 33.2 20.1 

24.0 30.2 38.0 

| | 0.6 0.9 
% saturated....... 72.5 66.4 61.3 
% unsaturated...... 27.5 33.6 38.7 
and then distilled water until neutral to phenolphthalein. The 


results of this oxidation and a similar oxidation of a Cy, concen- 


Fasted groups 


15 per cent loss 


30 per cent loss 


mole 
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trate are given in Table III. Saturated esters isolated in each 
ease had nearly the same equivalent weights as the original esters. 
Calculated equivalent weights for the unsaturated material were 
very close to the values for methyl dodecenoate (212) and methy! 
tetradecenoate (240) respectively and provide evidence for the 


TABLE V 
Fractional Distillations of Methyl Esters of Coconut Ou Fatty Acids 


“Solid’’ acids “Liquid” acids 

sapon- 
ifica- | Frac- ifica- 
Weight tion tion Weight ) tion 
No. 2mm.) equiva- V* No. 2mm. equiva- Value 

lent lent 

gm. gm. 

Sl 1.614 74 95 176.3 0.9 Ll 2.332) 56- 58 | 147.1 0.0 


- §9 | 153.2, 0.0 


S2 2.042 100-109 193.8 0.3 1.2 4.005 


S3 7.259 109 1-423 2.681; 59- 75 | 163.5) 0.0 
S4 8.001 109-110 213.4 0.0 LA 2.368; 75 171.7 
S5 | 8.517) 110 214.0; 0.0 | LS | 2.598 79- 95 | 180.2 0.0 
S6 9.939 110-111 214.0 0.0 L6 2.113. 95-100 190.4 0.0 


S7 55.419 111-112 214.35 0.0 L7 3.080 100-106 193.6 0.0 
S8 4.572, 112-127 221.1 0.0 L8 4.953 106-107 204.5. 0.0 
S9 3.105. 127-134 228.5 0.0 L9 2.433 107-110 209.3 0.0 
S10 10.265 134 241.3 0.0 L10 6.357 110 213.4 0.0 
S11 9.095 134-154 249.9 0.0) LIL 2.713 114-126 221.7 0.0 
6.497 154-155 269.4 0.6 L12 2.823 126-154 234.3 8.9 

S13 3.588 172-174 277.6 22.2 2.222 154-165 262.6 39.5 
2.722 174 282.7 37.1 Lid 2.690 165-167 281.2 65.2 

S15 1.547 Residue 315.3. 32.9. LI5 3.626 167-170 293.5 84.7 
304.8" L16 3.321 170 295.2 86.3 

L17 0.913 Residue 327 86.6 

206* 86.4 


Total. 84.182 21.228 


* Esters freed from the unsaponifiable matter. 


presence of unsaturated esters corresponding in molecular weight 
to the respective saturated products. They have been calculated 
as such in arriving at the final fatty acid compositions (Table IV). 

That the coconut oil used in this work did not contain such Cy 
and Cy, unsaturated acids is clearly shown by the fractionation 
and analytical data (Table V). The large amounts of acids of 
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“solid” and “liquid” 
lead salts were saturated. A small amount of hexadecenoie acid, 
hitherto unreported, was found to be present and has been included 
in the calculations of the fatty acid composition. The present 
results are assembled and compared with those of previous in- 
vestigators who have reported on the oil (Table VI). 


low molecular weight recovered from both 


TABLE VI 


Fatty Acid Composition of Coconut Oil 


Arm- 
strong, Collin 
Allan, Taylor and Clarke and Longenecker 
(21) and (23) Hilditch (present analysis) 
Mi yore 24 ) 
\ 


\ 


Caproic 2 0.46 Trace 0.8 1.4 
Caprylic 9.5 8.7 7.9 5.4 7.8 
Caprie 10) 4.5 0.6 7.2 10.2 
Lauric 15 51.0 45.0 48.0 45.4 47 .2 
Myristic 20) 16.5 18 17.5 18.0 16.4 
Palmitice 7 7.5 Not determined 9.0 10.5 8.5 
Stearic. 5 3.0 2.1 2.3 1.7 
Arachidic 0.4 0.2 
Hexadecenoic 1.3 1.1 
Oleic 2 5.0 5.7 4.5 5.5 
Linoleic 1.0 2.6 Trace Trace 


DISCUSSION 

Deposition of fat with an iodine value of 31 from a diet very 
high in coconut oil (iodine value 8) has already been considered 
the result of (1) desaturation in the organism or (2) preferential 
eatabolism of the more saturated acids (Mendel and Anderson 
(25)). The present results give evidence for the operation of 
both processes, perhaps simultaneously. 

Mendel and his coworkers considered desaturation in terms of 
the known Cys fatty acid components, stearic, oleic, and linoleic 
acids. The Cy, unsaturated acid, A® ' -hexadecenoic acid, was 
established as a component of rat fat after their work. Schoen- 
heimer and Rittenberg (7, 26) used deuterium effectively to show 
the possibilities of interconversion between palmitic, stearic, and 
oleic acids. Their data pointed conclusively to the ability of 
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the organism to introduce a single double bond into a saturated 
fatty acid. It is also known that oleie acid is one of the products 
of fat synthesis from non-lipid sources. The inability or limited 
‘capacity of the organism to synthesize a di- or polyethenoid acid, 
however, 1s clear from the work of Burr and Burr (27). 

The small but consistent amounts of unsaturated acids of 
molecular weight corresponding to the Cy, Cy, and Cys saturated 
acids add further evidence for the animal’s inherent ability to 
desaturate given fatty acids. One of them, hexadecenoic acid, 
has been found in relatively high amount (15 per cent) in depot 
fat synthesized from carbohydrate or protein (11). It seems 


TABLE VII 


Major Fatty Acids per 100 Gm. of Rat Body Weight 


Fasted groups 


Non- 
Acid fasted 
group 15 per cent loss in 30 per cent loss in 
body weight body weight 
cent rent 
gm. gm. gm. 
Total acids .. 13.50 8.46 37.3 4.95 63.7 
3.60 1.69 53.1 ().92 74.4 
Myristic.... 2.34 1.56 33.3 0.70 69.9 
Palmitic 2.69 1.73 35.8 0.80 70.1 
3.21 2.63 19.1 l 46.2 


Oleic. ... 


unlikely, however, that all the hexadecenoic acid arises from these 
sources and none by desaturation of palmitic acid. 

The data given in Table [IV may well support the argument that 
the saturated fatty acids of lower molecular weight are first utilized 
or burned at a faster rate when depot fat containing them ts the 
source of body energy. ‘There is an actual decrease in the weight 
and molar proportions of lauric, myristic, and palmitic acids during 
fasting. At the same time, a relative increase in oleic acid occurs. 

In order to calculate the absolute changes which occurred in 
the composition of these coconut oil depot fats during fasting, the 
theoretical total fatty acids per 100 gm. of body weight were 
first derived from the values given in Table I for acetone-soluble 
lipids and their equivalent weights. These data together with 
the weight percentages obtained for the major component fatty 
acids (Table IV) were then used to obtain the figures given in 
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Table VII. Here it may be seen that 37.3 per cent of the original 
total fatty acids was used during the inanition period necessary 
for a 15 per cent loss in body weight. During the same time, 53.1 
per cent of the original laurie acid disappeared, compared to only 
19.1 per cent of the oleic acid. These figures stand in the same 
order for the fasting period for a 30 per cent loss in body weight. 
In this case, 63.7 per cent of the total acids had been burned, while 
74.4 per cent of the laurie acid and 46.2 per cent of the oleic acid 
disappeared. | 

These results appear to give unqualified support to the above 
hypothesis that the acids of lower molecular weight are prefer- 
entially utilized. A question may well be raised, however, of the 
extent to which utilization of fatty acids may be considered inde- 
pendently of the utilization of the entire glycerides in which they 
occur. Glyceride struetures for the depot fats reported here 
have not yet been examined. If dilaurins occur in these depot 
fats in appreciable amounts as in coconut oil (24), and myristic, 
palmitic, and oleic acids are distributed to a maximum extent 
(Hilditch (28)), then unseleetive removal of the depot fat 1 mole- 
cule at a time during utilization would explain the observed and 
calculated data. 


SUMMARY 


Fasted male rats, fed a high coconut oil ration for 14 days, 
deposited 14.2 per cent of their body weight as fat (iodine value 
31). This depot fat contained very high molar proportions of 
saturated acids (72.5 per cent). Laurie (31.8 per cent), myristic 
(18.1 per cent), and palmitic (18.6 per cent) were the predominant 
saturated acids and oleic acid (20.1 per cent) was the major un- 
saturated component. 

In subsequent periods of inanition, during which the rats utilized 
part of their fat stores for energy requirements, there was a marked 
change in the distribution of the fatty acids. After they had lost 
15 and 30 per cent in weight, the animals had 8.9 and 5.2 per cent 
body fat of 36.9 and 40.0 iodine value, respectively. During 
these two Inanition periods, lauric acid decreased to 24.5 and 23.0 
per cent on a molar basis, myristic and palmitic acids both de- 
creased slightly, and oleic acid increased to 26.9 and 30.7 per cent, 
respectively. 
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A calculation of the absolute amounts of fatty acids utilized 
during inanition showed that 37.3 per cent of the total fatty acids 
disappeared during the 15 per cent loss in body weight. In this 
period, 53.1 per cent of the original amount of laurie acid was 
burned, as contrasted with only 19.1 per cent of the oleic acid. 
With a 30 per cent loss in body weight, 63.7 per cent of the original 
total fatty acid mixture was utilized. In this case, as in the 
shorter inanition period, there was a greater utilization of the 
lauric acid (74.4 per cent) and a lesser utilization of the original 
oleic acid (46.2 per cent). 

It is conceivable that these data indicate a preferential utiliza- 
tion of the fatty acids of lower molecular weight. An alternate 
explanation, depending on the occurrence of dilaurins and maxi- 
mum distribution of myristic, palmitic, and oleie acids, would be 
the random removal of | glyceride molecule at a time from the 
depot fat. 

The presence of dodecenoie acid and larger amounts’ of tetra- 
decenoic acid than occur otherwise suggests the ability of the rat 
to desaturate laurie and myristic acids. 

A fatty acid analysis was made of the coconut oil used in these 
experiments. 
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THE UTILIZATION OF ACETONE BODIES 


I. THE INFLUENCE OF FEEDING AND OF GLUCOSE 
IN NEPHRECTOMIZED FEMALE RATS 
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The production of ketone bodies generally is attributed to a 
decrease in the oxidation of glucose, while the oxidation of fat is 
concomitantly increased, the ketone bodies arising in consequence 
of an incomplete oxidation of the fat. This concept, first elabor- 
ated by Hirschfeld in 1895 (1) and subsequently epitomized by 
Rosenfeld (2) in the phrase, ‘‘fats burn only in the flames of carbo- 
hydrate” received extremely strong support from the in vitro 
studies of Shaffer (3). His observation that the disappearance of 
acetoacetic acid in the presence of hydrogen peroxide is accelerated 
when glucose is undergoing oxidation at the same time was very 
suggestive of some chemical union between the acetone body and 
a product of glucose oxidation. It is such an increase in the oxida- 
tion of the ketone bodies which is referred to as the “ketolytic”’ 
effect of glucose. 

This hypothesis provided basis for the assumptions that the 
ketone bodies are manufactured in all tissues of the body, that 
the diabetic organism cannot oxidize them, and that the influence 
of carbohydrate in decreasing a ketosis is due to an acceleration of 
ketone oxidation (ketolysis). Contrary to these implications are 
the observations that the liver is the main, if not the only site of 


* Ich Lilly Research Fellow. This report is from a dissertation sub- 
mitted by Norton Nelson in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in the Department of Biochemistry, Uni- 
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ketone body formation (4, 5); that the muscles of the diabetic 
organism can oxidize ketone bodies as readily as do those of the 
normal (6, 7); that the administration of glucose does not ac- | 
celerate the rate of ketone body utilization by the muscles of nor- 
mal rabbits (8) or by the perfused dog heart (9). However, the 
studies of Butts and Deuel (10), Shapiro (11), and more recently 
Deuel, Hallman, and Murray (12) are not in accord with the con- 
clusion that glucose exerts no ketolytic effect. 

In view of the above, we considered it to be of some importance 
to reinvestigate the problem concerning the influence of glucose, 
using some method which would take into account the procedures 
employed by Deuel and his associates. The method employed 
by these investigators consists In measuring the excretion of ketone | 
bodies in the urine of rats after the ingestion of a definite amount of | 
sodium acetoacetate. The difference between the amount fed : 
and the amount excreted is interpreted to be the amount oxidized. é 


Thus when Butts and Deuel observed that rats maintained on a ( 
stock diet excreted minimal amounts of the fed ketone bodies as V 
compared with similarly treated fasted rats, or when Shapiro | kh 
found that the administration of glycogenic metabolites resulted c 
in a decrease in the ketone body excretion of rats fed diacetie acid, a 

u 


they concluded that carbohydrate produces an increase in the 
oxidation of the ketone bodies. The only consideration that these a 


investigators gave to the possibility that changes in spontaneous u 
endogenous ketogenesis might be a factor was their observation di 
that relatively small amounts of ketone bodies are excreted by a 


control fasted rats. The probability that such fasted rats may be fin 


excreting only a small proportion of the total endogenous ketone a 
bodies and oxidizing the remainder received no obvious considera- ar 
tion. That this is an important consideration may be gleaned pr 
from the fact that the excretion of acetone bodies in the urine ts Wi 

an 


no indication of the concentration in the blood and tissues (13). 
In order to evaluate the above procedure adequately and to. — by 
determine whether glucose exerts a ketolytic action, we studied 


the actual disappearance of administered ketones from the entire as 
bodies of nephrectomized rats during various periods of time. By an 
investigating the acetone body content of control groups of rats, = Gr 

| wit 


we could obtain a measure of spontaneous ketogenesis, and thereby | 
make partial corrections in estimating the utilization of these 

substances under various experimental conditions. 
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Methods 


This study was carried out on fed and fasted female rats from 
our stock colony. The fed groups consisted of animals which were 
kept on a stock diet! until a few minutes before the beginning of 
the experiment, and which subsequently received an intraperi- 
toneal injection of glucose. The fasted groups consisted of ani- 
mals from which the food was removed 24 hours before the onset 
of the experiment. In order to prevent the excretion of injected 
ketone bodies, and also to obviate the effects of the kidneys per se, 
all animals were subjected to a bilateral nephrectomy under ether 
anesthesia. Immediately after the completion of the operation, 
the animals received an intraperitoneal injection of either saline or 
a glucose solution; in the latter instance, 100 mg. of glucose per 
100 gm. of body weight were administered. After the animals 
recovered from the anesthesia, some groups of animals were treated 
as controls, while other groups received an intravenous injection 
of racemic sodium $-hydroxybutyrate. The dosage of the latter 
was kept as closely as possible to between 8.20 and 8.40 mM per 
kilo of body weight and was administered by means of a tuber- 
culin syringe. At the completion of the experimental period, the 
animals were killed by a blow on the back of the neck, and ground 
up in an ordinary meat grinder until a complete mixture was 
assured. Extracts of the ground tissue were prepared with the 
use of CuSO, and Ca(OH)s. The procedure employed for the 
determination of the acetone body content of the extracts was an 
adaptation of Barnes’ method (14), in which the preformed ace- 
tone, the acetone resulting from the hydrolysis of acetoacetate, 
and that resulting from the oxidation of 6-hydroxybutyric acid 
are precipitated as a complex Hg salt with Denigés’ reagent. The 
precipitate is separated by fitration by means of a filter stick, 
washed, and decomposed by a buffered hydrochloric acid solution, 
and the resulting acetone distilled into water, where it is estimated 
by the use of its reaction with iodine to form iodoform. 

The various experimental procedures may be best summarized 
as follows: Group I, fasted rats which were treated with saline 
and killed at various intervals after recovering from the anesthesia; 
Group II, fasted rats which were treated with glucose and killed 
within 40 minutes after injection; Group III, fed rats which re- 


' The stock diet emploved was Purina Fox Chow. 
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ceived glucose and were killed within 40 minutes after the in- 
jection; Group IV, fasted rats which were treated with saline and 
killed 20 minutes after the intravenous injection of 6-hydroxy- 
butyrate; Group V, same as Group LV, but killed 40 minutes after 
injection; Group VI, fed rats which were treated with glucose and 
killed 20 minutes after receiving the 8-hydroxybutyrate; Group 
VII, same as Group VI, but killed 40 minutes after injection. 


Results? 


In the majority of the early experiments, the 6-hydroxybutyric 
acid, and the acetoacetic acid plus acetone were determined 
separately. We found, however, that the acctoacetic acid plus 
acetone fraction constituted only a small part (average 4.7 per cent) 
of the total acetone body content of the tissue extracts. The 
comparison of the total acetone body content estimated by the 
assumption of the above percentage with a total concentration 
determined by fractionation showed a maximum deviation of only 
1.2 per cent. In view of this, fractionations were performed only 
at intervals throughout the study, and all our data are expressed 
in terms of mM of total acetone bodies. 

Our data are summarized in Table I, which reveals that an 
appreciable amount of acetone bodies is found in fasted animals 
(Group 1). However, the administration of glucose to such 
animals (Group IIL) results in a diminution in the acetone body 
content. It is evident from the latter and from the data obtained 
with fed rats (Group II1) that after the administration of glucose 
a lower endogenous acetone body content is found.. 

The statistical analysis of the data clearly indicates that there 
is a very small dispersion of the data, since the mean of each group 


2 Some of these results were published in a preliminary report (Proc. 
Soc. Exp. Biol. and Med., 39, 51 (1938)). 

> Because of the slight solubility of the Hg complex in the precipitating 
mixture, very small amounts of acetone bodies will not be detected by the 
above analytical procedure. Amounts less than the quantity necessary 
to saturate the refluxing mixture (about 0.16 m™ per kilo) can be estimated 
by adding a small known quantity of acetone or 8-hydroxybutyric acid to 
the tissue extracts. When this procedure was used in a series of fed ne- 
phrectomized rats, we found, within the experimental error of the pro- 
cedure, no acetone bodies. Therefore, it is probable that the fed rate 
contain even less than the 0.20 mm per kilo recorded in Table I. 


| 
| 
d 
| is 
re 
SI 
| 


Mirsky, Nelson, and Grayman IS3 


TABLE I 
Summary of Experiments on Utilization of Intravenously Administered 
8-Hydroxybutyrate by Nephrectomized Fed and Fasted Female Rats 


Acetone body utili- 
ss zation* 
rected for for initial 
Es initial content 
nM mM perkg. mM kg. 
I. Fasted, saline- 20 143.5 0 0.58 
treated (+0.065) 
Il. Fasted, glueose- 10 138.5 0 0.20 
treated | (+0.014) 

bed, glucose- 10 157.0 O 0.21 
treated | (+0.015) 

IV. Fasted, saline- 20 145.0 8.33 20 6.45 1.88 2.46 
treated + ke- (+0.118) (+0.118) (40.135) 
tones 

V. Fasted, saline- 20 146.0 8.20 40 3.99 4.2] 4.79 
treated + ke- (+0.105) (40.105) (+0.123) 
tones 

VI. Fed, glucose- 20 151.0 8.45 20 5.82 2.63 2.84 
treated + ke- | | (+0.087) (+0.087) (+0.088) 
tones | 

VII. Fed, gluecose- 20 148.0 8.40 40 3.49 4.9] 5.12 
treated + ke- | (+0.116) (40.116) (40.117) 
tones | 

Reliability of Differencest 
Uneorrected for Corrected for 
Groups initial initial 
ketone content ketone content 
20 min., Groups IV and 5.1 2.3 
5 1.9 


* Standard error of the mean, s.E.M. = V (Zd?2/n)/V/n. 
t Reliability of difference = (difference of means), (standard error of 


difference). Standard error of difference = V (s.e.M.;)? + (S.E.M..)?. 


is at least 10 times its standard error. Examination of these data 
reveals that if no accounting is made for endogenous ketosis a 
small but statistically reliable difference exists in the utiliza- 


| 
| 
| 
O 
8 


IS4 tilization of Acetone Bodies. 


tion of B-hydroxybutyric acid by the fed rats receiving glucose 
compared with the fasted rats. However, endogenous formation 
of B-hydroxybutyrie acid can be accounted for, though only in 
part, by adding the initial content of the rats to the amount ad- 
ministered, and then deducting from this total the amount of 
8-hydroxybutyric acid that is recovered at the end of the period. 
When this is done, the statistical reliability disappears, decreasing 
from 5.1 to 2.3 in the case of the 20 minute groups and from 4.5 to 
1.9 in the 40 minute groups. It is of interest to point out that 
if the probability that the glucose-treated groups contain no 
acetone bodies is taken into account’ then the reliability of differ- 
ence of those groups drops to 1.2 and 0.8 respectively. It must 
be emphasized again that these corrections account only for the 
acetone body content at the very outset of the experimental 
period, and not for the acetone bodies that may be produced by 
the animals during the remainder of the period. It is probable 
that the continued endogenous ketogenesis may account for the 
small difference that remains between the two groups even after 
the above corrections are made. | 

Another method for analyzing our data is a comparison of 
the rates of utilization between the 20 and 40 minute interval 
groups of both fasted and fed rats. Such an approach obviates 
the necessity of correcting for the initial content, but not for the 
continued endogenous ketogenesis in the fasting rats. Thus we 
find that the difference between the fasting Groups IV and V is 
2.33 mm per kilo of body weight per 20 minutes, while that be- 
tween the fed, ghucose-treated Groups VI and VII is 2.28 mm per 
kilo of body weight for the same interval of time. This indicates 
that there is no difference in the rates of utilization of 8-hydroxy- 
butyric acid between fed and fasted female rats. 


DISCUSSION 


In a series of unpublished experiments we were able to confirm 
the observations of Shapiro and of Deuel and his associates that 
‘carbohydrate reduces the ketonurva which results from the oral 
administration of acetone bodies. However, the present investi- 
gation demonstrates very clearly that carbohydrate does not ac- 
eelerate the utilization of acetone bodies by the extrarenal tissues 
of the female rat, and, therefore, is in complete contradiction to 
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the conclusions reached by the above investigators. It is probable 
from our data that the reduction in ketonuria observed by these 
investigators is-not a reliable index of acetone body oxidation. 
Furthermore, our data are in accord with the results obtained from 
studies on normal and eviscerated rabbits and on the perfused 
heart, and validate the conclusions derived from those studies. 

The administration of adequate amounts of carbohydrate re- 
sults in the prevention or cessation of ketosis in human subjects 
(1), in phlorhizinized dogs (15), and in fasted, completely de- 
pancreatized dogs receiving no insulin (13). Since the ketone 
body content of the blood and urine is dependent upon the differ- 
ence between the rates of ketone body formation and utilization, 
any reduction in ketosis consequent to such treatment must be due 
to either an increase in the rate of ketone utilization (ketolysis) 
or to a decrease in the rate of ketone formation (antzketogenesis). 
The data herein reported indicate that glucose is not ketolytie in 
the sense defined and hence support the concept that antiketo- 
genesis is the mechanism whereby carbohydrate brings about a 
diminution in ketosis (¢.g., Group II). Accordingly, the decreased 
excretion of ketone bodies observed by Deuel et al. is probably due 
to reduction of the endogenous ketogenesis induced by fasting. 

It is generally acknowledged that the production of ketone 
bodies occurs primarily in the liver, and that ketogenesis always 
occurs When the liver glycogen falls below some critical low level. 
Conversely, it is also known that the restitution of the liver 
glycogen content to approximately normal levels by the adminis- 
tration of glycogenic substances results in a cessation of ketosis. 
Furthermore, the evidence obtained by Quastel and Wheatley 
(16), by Snapper and Grunbaum (17), and from our studies with 
rabbits indicates that the ketone bodies probably are not oxidized 
further in the liver, thus suggesting that these substances are end- 
products of fatty acid oxidation in that organ. Therefore, it is 
possible that the antiketogenic action of glucose is due to a cessa- 
tion of fatty acid oxidation in the liver in consequence of the 
glycogen that becomes available for phosphorylation and oxida- 
tion. This hypothesis, that glycogenic substances substitute for 
fatty acids and other ketogenic materials in supplying energy to 
the liver, is in accord with the theory of substrate competition for 
available oxygen, as suggested by Edson’s (18) observation that 
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fatty acids compete with other oxidizable substrates for the oxi- 
dizing systems of the liver. It is also in accord with the observa- 
tions of Shapiro that only glycogenic substances are antiketo- 
genic. The fact that Deuel et al. could demonstrate no effect 
with ethyl alcohol is in agreement with the observations that this 
alcohol is not glycogenic and suggests that the acetic acid which 
may be derived from the oxidation of ethyl alcohol in the liver, 
like the acetone bodies themselves, is not utilized by the liver, but 
is secreted into the circulation to be utilized by the muscles (19). 


SUMMARY 


If a correction be made for endogenous ketogenesis (initial 
acetone body content), it is observed that the utilization of intra- 
venously injected 6-hydroxybutyrate by nephrectomized female 
rats is not influenced by fasting or feeding or by the administra- 
tion of glucose. 

Carbohydrate does not exert a ketolytic action, and, therefore, 
its effect in abolishing ketonuria is due to a sparing of fat or other 
ketogeni¢c substances; 7.e., antiketogenesis. 
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THE USE OF LIPASE IN LIPID ANALYSES 
I. SPECIFICITY OF CASTOR BEAN LIPASE 
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and Dentistry, The University of Rochester, Rochester, New York) 


(Received for publication, June 27, 1939) 


No method is available for the separation of the fatty acid esters 
of glycerol from those of cholesterol, although well standardized 
procedures are available for the separation of the other lipids. 
These esters of glycerol and cholesterol, being chemical homo- 
logues, cannot be easily separated from each other by differential 
precipitation from organic solvents (1), nor by differential saponi- 
fication of one group (glycerol esters) with alcoholic alkali, al- 
though the latter procedure has been claimed to be capable of a 
separation (2). If it were possible to hydrolyze specifically one 
of these two groups, the resultant free fatty acids could be easily 
separated from the unhydrolyzed esters by virtue of the proper- 
ties of the free carboxyl groups. Since ordinary alkaline hydrolysis 
of the glycerol esters splits at least a part of the cholesterol ester 
linkages (unpublished work from this laboratory), this method 
could not be used. Therefore, studies based on the enzymic 
hydrolysis by lipase were made with the hope of finding an 
enzyme system capable of specific hydrolysis of one of these two 
groups without action on the other. 

Reichel and Reinmuth (3) have shown castor bean lipase to 
have no hydrolytic effeet on cholesterol stearate. Because of this 
apparent specificity, and because of the high degree of glycerol 
esterase activity possessed by this lipase, it was examined to 
determine the conditions of reaction under which it would cause 
complete splitting of the glycerol esters, and yet have no ap- 
preciable effect on the cholesterol esters in the same sample. 


* These studies are taken from a dissertation submitted to The Univer- 
sity of Rochester in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy, June, 1939. 
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The accompanying schematic outline of the general procedure 
is given in order to clarify the descriptions. References to this 
outline in the text will be made by use of the Roman numerals 
attached to the various steps in the procedure. 

Neutral fat 


Free cholesterol 
ister cholesterol 


Free cholesterol Sapontfication Hydrolysis 
analysis (potassium hydroxide) (lipase ) 
(1) (II) (VI) 
(Petroleum ether (Petroleum ether 
separation) separation) 
(IIT) (VII) 
Total cholesterol Total fatty acid Free and ester Neutral fat 
fraction fraction cholesterol fatty acid 
(IV) (V) fraction fraction 
(VIII) (IX) 
cholesterol! Sapontfication 
analysis (potassium hydroxide) 
(X) I] 


(Petroleum ether 


separation) 
(XI 
Total cholesterol Cholesterol ester 
fraction fatty acid fraction 
(X11) (NITT) 


ENPERIMENTAL 


Preparation of Substrate substrates approximat- 
ing the neutral fat and free and ester cholesterol content of blood 
plasma were prepared by dissolving synthetic trighyeerides, cho- 
lesterol esters, and free cholesterol in petroleum ether. Aliquots 
were taken from this stock solution for free cholesterol analyses 
(1), for control analyses by alkaline hydrolysis (saponification), 
and for enzymic hydrolysis by the castor bean lipase. 

Free Fatty Acid Isolation ~The procedure described below is 
given in some detail because of the difficulty usually encountered 
in obtaining a quantitative extraction of cholesterol from = an 
aqueous solution of the fatty acid soaps. The same procedure 1s 
‘arried out for (a) the removal of the free fatty acids occurring 
in blood and tissue extracts, (b) the isolation of the total fatty 
acids (V) after saponification, (c) the isolation of the hydrolyzed 
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neutral fat fatty acids (1X) after lipase treatment, and (d) the 
isolation of the cholesterol ester fatty acids (XIIT) after removal 
of the freed neutral fat fatty acids and saponification of the 
cholesterol esters. 

The material to be separated was introduced into a 250 ce. 
separatory funnel with the aid of 75 ec. of petroleum ether and 
79 ce. of alcohol. Several drops of a 1 per cent alcoholic solution 
of phenolphthalein were added, and the mixture made just 
alkaline by the addition of a suitable amount of potassium hy- 
droxide. ‘This solution was separated into two phases by adding 
72 cc, Of water and shaking. The lower (aqueous) layer was 
drawn off into a second separatory funnel, and reextracted with 
79 cc. of fresh petroleum ether. This was repeated and the lower 
layer from the third separatory funnel drawn off into a fourth 
for the extraction of the fatty acids. 

Sufficient dilute hydrochloric acid was added to the contents of 
the fourth separatory funnel to make the solution acid. This 
material was then extracted with 75 ec. of petroleum ether, and 
the lower layer drawn off into a fifth separatory funnel and 
reextracted with another 75 ec. portion of petroleum ether, after 
which it was discarded. 

The petroleum ether in the first separatory funnel was washed 
with 150 cc. of alkaline 50 per cent alcohol, and the wash solution 
drawn into the second separatory funnel. This same solution 
was used to wash the petroleum ether in each of the five separatory 
funnels successively; it was made acid by hydrochloric acid in the 
fourth separatory funnel (containing the fatty acids). The 
Washing procedure was repeated in order, with another 150 ce. 
portion of 50 per cent alcohol. 

After each petroleum ether fraction had been washed, the first 
three (Containing the unsaponifiable matter) were combined, the 
solvent evaporated, and the residue weighed. The last two 
fractions (contaiming the fatty acids) were also combined, evap- 
orated, and weighed. Control separations by this procedure 
showed that the fatty acid fraction contained a negligible amount 
of cholesterol as measured by the Liebermann-Burchard reaction. 

Saponification “The sample was transferred to a 50 ce. Erlen- 
meyer flask and the solvents removed by evaporation. 20 ce. of 
20.2 N aleoholie solution of potassium hydroxide were added, and 
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the solution refluxed for 1 hour with an air condenser. After 
the saponification was complete, the sample was transferred to a 
250 ce. separatory funnel and the unsaponifiable matter separated 
from the freed fatty acids as already described. If desirable, the 
total number of mmM.of fatty acid present could be determined. 
This can be done by back titration of the saponification mixture 
directly with aqueous sulfuric acid. This procedure gave more 
accurate data than a direct titration of the isolated fatty acids 
because of the apparent tying up of a part of the free carboxyl 
groups when an acidified solution is extracted with petroleum 
ether. This may be due at least in part to the formation of 
lactones (from any hydroxy fatty acid that may be present) 
or anhydrides of the fatty acids. 

Neutral Fat Determination—Calculations of the amount of 
neutral fat fatty acids present in a sample are based on the 
total fatty acid determination (V) and the free (1) and total 
(LV) cholesterol analyses (4). In these calculations it is assumed 
that all fatty acid esters not present as phospholipid, or as cho- 
lesterol esters, are present as glycerides. ‘This assumption must be 
borne in mind when the results obtained on the extent of hydrolysis 
of the ‘“‘neutral fat’? of natural samples are evaluated. Any 
other type of fatty acid ester present would be calculated as 
glyceride, and if this ester were hydrolyzed by lipase at a lower 
rate than the true neutral fat, a low value for the per cent hy- 
drolysis would be obtained. In synthetic mixtures the values 
obtained for the neutral fat content always agree well with the 
actual amount present. 

Preparation of Enzyme—-Whole castor beans were decorticated, 
pulverized, and extracted with ethyl ether for 48 hours in a 
Soxhlet apparatus. After this primary removal of most of the 
fats, the material was ground and put through a 40 mesh sieve. 
This was reextracted with ethyl ether in the Soxhlet apparatus 
for another 48 hours. The fine white powder was air-dried and 
stored in a glass-stoppered bottle in the ice box. Preparations 
older than 3 weeks were discarded. , 

Conditions of Hydrolysis—Two procedures were used for the 
test hydrolyses: (A) a modification of that used by Longenecker 
and Haley (5) and (B) a modification of that used by Reichel and 
Reinmuth (3). 
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Procedure A-—The solution containing the lipid material to be 
tested was evaporated to dryness in a vial of about 7 ec. capacity. 
After complete removal of the solvent, 0.1 gm. of the lipase powder 
and 1.0 ec. of 0.5 per cent acetic acid were added. The vial was 
tightly stoppered, shaken to emulsify the contents, and placed 
in a slowly revolving wheel in the incubator at 37°. In all cases 
the hydrolysis period was 24 hours. 

Procedure B- ~The solution containing the lipid material to be 
tested was evaporated to dryness in a soft glass test-tube. After 
the last trace of solvent had been removed, 0.1 gm. of the lipase, 
5 ec. of petroleum ether, and 4 ce. of acetic acid-sodium acetate 
buffer (Walpole’s, pH 4.5) were added. ‘The test-tube was sealed, 


TABLE | 
Hydrolysis of Cholesterol Palmitate 


Determination of ester cholesterol before and after lipase hydrolysis. 


Sample No. Before After Hydrolysis 
mg. | mg. per cent 
| 43.8 72.0 2 
75.0 70.5 6 
5 75.0 72.0 4 
4 76.5 43.5 4 
Average mA 79.0 72.0 4 


shaken to emulsify the contents, and placed in a revolving carriage 
in a water bath at 20° for 24 hours. 

Analysis of Hydrolyzed Sample——-After the hydrolysis period, 
the sample was extracted with hot aleohol, filtered, and the solvent 
evaporated. ‘The residue was extracted with petroleum ether 
into a 250 cc. separatory funnel and the freed fatty acids separated 
and weighed (IX). Control analyses were made on the free 
cholesterol content of the unhydrolyzed fraction (VIII) in order 
to determine the effect of the lipase treatment on the free to total 
cholesterol ratio of the sample. The remainder of the unhy- 
drolyzed fraction was saponified (II) and the cholesterol ester 
fatty acids (XIII) separated from the total cholesterol (XII) 
by the petroleum ether procedure (XI). 
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TABLE I] 


Specific Hydrolysis of Tripalmitin in Presence of Cholesterol Oleate 
Each sample contained 40.0 mg. of tripalmitin, 40.0 mg. of cholesterol 
oleate, and 20.0 mg. of free cholesterol. 


Sample No. Neutral fat hydrolysis Cholesterol ester hydrolysis 
per cent per cent | 
103.4 0.4 | 
2 104.7 U.4 
3 107.6 1.4 
4 102.1 —].4* 
5 101.5 1.4 
100.5 —1.4* 
7 .7 —3.2* | 
99.5 0.4 | 
Average . 102.2 —2.0 
* Negative hydrolysis indicates a synthesis. ( 
III 
Hydrolysis of Neutral Fats 
Substrate pH of buffer Hydrolysis 
per cent N 
Olive oil 3 4.00 100 F 
4.20 Of | 
4 4.40 
4 4.80 
4 2.00 8) 
Lard 3 4.22 Gy 
4.43 99 
4.65 O4 fr 
Beef fat 3 4.00 Q4 
3 4.20 YY 
3 4.40) YO in 
3 4.60 sv A 
2 4.80 05 In 
2 5.00 
Tristearin 4 4.50 
4 4.75 SY 
4 4.90 SY 2. 
4 5.14 61 3. 
4. 
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RESULTS AND DISCUSSION 


Cholesterol palmitate is not appreciably hydrolyzed by castor 
bean lipase, as is shown in Table I. Because of the many manipu- 
lations necessary for these analyses, any value less than 10 per 
cent hydrolysis would not be significant. 

Table IT gives the results obtained when tripalmitin is incubated 
along with cholesterol oleate. The neutral fat is completely 
hydrolyzed, while neither the free nor the ester cholesterol is 
affected, showing the absence of both synthetic and hydrolytic 
cholesterol esterase activity. 

Although the work of Longenecker and Haley (5) shows castor 
bean lipase to be non-specific regarding the type of neutral fat 
hydrolyzed, the specificity under the conditions imposed here was 
tested by investigating the extent of hydrolysis of several neutral 
fats. In addition to the tripalmitin already mentioned, olive 
oil, lard, beef fat, and tristearin were examined. As shown in 
Table IIT, all of these fats were hydrolyzed 95 per cent or more 
in the pH range chosen (Procedure B). 


SUMMARY 

1. Castor bean lipase has no action on cholesterol esters, causing 
neither a synthesis nor a hydrolysis in samples in which neutral 
fat is quantitatively split. 

2. Castor bean lipase is capable of practically complete hy- 
drolysis of olive oil, beef fat, lard, tristearin, and tripalmitin 
under the conditions reported. 

3. By taking advantage of these properties of castor bean lipase, 
it is possible to separate quantitatively the neutral fat fatty acids 
from the cholesterol esters occurring in the same sample. 


The author takes pleasure in acknowledging the constant 
interest and encouragement of Dr. W. R. Bloor throughout these 
investigations. 
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THE USE OF LIPASE IN LIPID ANALYSES 
II. SPECIFICITY OF PANCREATIC LIPASE 


By F. E. KELSEY 


(From the Department of Biochemistry and Pharmacology, School of Medicine 
and Dentistry, The University of Rochester, Rochester, New York) 


(Received for publication, June 27, 1939) 


In the preceding paper (1), castor bean lipase was shown to have 
the property of specifically and completely hydrolyzing certain 
neutral fats in the presence of free and ester cholesterol without 
affecting the latter. Because of the anomalous results obtained 
on blood neutral fat (reported in the following paper (2)), and 
because of the high toxicity of castor bean powder, the specificity 
of pancreatic lipase was similarly investigated for the separation 
of neutral fat from cholesterol esters. 

Knzymically active solutions can be prepared from the pancreas 
by extraction of the dried and defatted gland with 10 per cent 
sodium chloride solution (3). These solutions are capable of 
hydrolyzing the fatty acid esters of both glycerol and cholesterol. 
The following studies were made to establish conditions which 
would allow the maximum activity of the lipase with complete 
inhibition of the cholesterol esterase. Theoretically this could 
be accomplished either (a) by the separation of the cholesterol 
esterase enzyme from the lipase solution by ammonium sulfate 
fractionation or (6) by the preferential destruction of the 
cholesterol esterase, leaving the lpolytic activity intact. 


EXPERIMENTAL 


Preparation of Pancreas Powder—F¥resh pig pancreas was dried 
and defatted according to the method of Willstatter and Wald- 
schmidt-Leitz (4). 5 pounds of the carefully trimmed gland were 
ground and extracted with two portions of 3 liters each of warm 
(35°) acetone, followed by an equal volume of acetone-ether, and 
then by two portions of ether. This material was pulverized in a 
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coffee mill, extracted twice with ethyl ether (35°), and stored in 
the ice box. Full activity is retained for at least 4 months (3). 

Conditions of Hydrolysis-—Vhe following conditions were found 
to be optimum for the maximum splitting of up to 100 mg. of 
neutral fat per sample. An amount of the enzyme extract 
(prepared as described below) equivalent to 20 mg. of the dried 
powder was used in each sample, with 100 mg. of sodium glyco- 
cholate, 50 mg. of calcium chloride, and 1 ec. of a 0.5 N ammonium 
chloride-ammonia buffer in a total hydrolysis volume of 4 ce. 
In the later experiments, 0.5 ec. of benzene was added to the 
mixture in order to insure emulsification of the fats. The hy- 
drolysis was carried out in sealed ampules made from soft glass 
test-tubes. These were shaken to emulsify the contents, and 
placed in the incubator in a slowly revolving wheel for 24 hours. 

Analysis of Hydrolyzed Sample— After the hydrolysis period 
the ampules were broken, the contents rinsed into a 250 ce. sepa- 
ratory funnel, and the freed fatty acids separated as given pre- 
viously (1). Control analyses and the calculations of the neutral 
fat content were the same as those reported with the castor bean 
lipase procedure (1). 

Preparation of Lipase Solutions. Ammonium Sulfate Frac- 
tionation—-For the investigations on the chemical nature of the 
cholesterol esterase, 10 gm. of the dred pancreas powder were 
triturated with 100 ec. of 10 per cent sodium chloride and allowed 
to stand for 3 hours at 37°. The extract was clarified by centri- 
fuging and used as a starting point for fractionation with am- 
monium sulfate. 

The original sodium chloride extract was found to be capable of 
91 to 95 per cent hydrolysis of olive oil under the conditions used. 
The globulin fraction contained the lipase (QL to 93 per cent hy- 
drolysis), confirming the finding of Glick and King (3). The 
cholesterol esterase was also found to be associated with the 
globulin fraction, no significant amount of hydrolysis of cholesterol 
oleate oceurring with the albumin fraction. No solution could 
be prepared by ammonium sulfate fractionation which con- 
tained only one of the enzymes, although the cholesterol esterase 1s 
apparently more concentrated in the pseudoglobulin § fraction 
(60 to 63 per cent hydrolysis) than in the euglobulin fraction 
(15 to 17 per cent hydrolysis). The lipase, on the other hand, is 
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more concentrated in the euglobulin fraction. Consequently, 
attempts to separate the two enzymes were discontinued. 
Inactivation of Cholesterol Esterase ~Nedzvetskil (5), studying 
the synthetic action of cholesterol esterase, reported it to be 
labile in dilute ammonia. The synthetic ability of the lipase was 
reported to be unaffected. It seemed reasonable that the dif- 
ferential lability would also hold for the hydrolytic activity of these 
enzymes. A satisfactory method for the removal of the cholesterol 
esterase activity without loss of the lipase activity was obtained 


TABLE | 
Hydrolysis of Neutral Fat in Presence of Cholesterol Ester 
Tripalmitin, each sample 


contained 50 mg. tripalmitin, 115 
mgr. cholesterol oleate, and 


Almond oil, each sample contained 
100 mg. almond oil and 40 mg. 
cholestero! oleate 


Sample No. 25 mg. free cholesterol 
Neutral fat (holestero! Neutral fat Cholestero! ester 
hydrolysis ester hydrolysis hydrolysis hydrolysis 

per cent per cent per cent per cent 
YS. 4.4 93.4 O.4 
2 98.5 1.8 U8 0.0 
3 95.3 0.5 03.6 0.3 
4 1.8 44.4 —().3* 
93.5 4.7 O80 0.6 
92.9 1.3 LOO .4 —(Q.3* 
7 0.0 Q9 4 0.0 
s 100.2 0.2 
Average 95.3 2.1 Q7 .2 O.1 


* Negative hydrolysis indicates a synthesis. 


as the result of the experiments on the relative rates of Inactivation 
of the two enzymes in dilute ammonia. 

2 gm. of the pancreas powder were triturated with 100 ec. of 
water, the pH brought to 10.1 (electrometric) with dilute am- 
monia, and the solution left in the ice box for at least 10 hours. 
After the inactivation treatment, the suspension was filtered, 
brought to a pH of 9.2 with dilute hydrochlorie acid, and used in 
the hydrolysis samples as soon as possible. In all eases, blanks 
were run to correct for the lipid content of the enzyme solutions. 

Sample data given in Table I show that the general procedure 
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as given is correct for the complete hydrolysis of the neutral fat, 
and that the alkaline treatment of the pancreas powder com- 
pletely destroys the cholesterol esterase, since neither a synthesis 
nor a hydrolysis of the cholesterol esters could be observed. 


SUMMARY 


1. Pancreatic cholesterol esterase is a globulin, and thus cannot 
be separated from the lipase by albumin-globulin fractionation. 

2. The hydrolytic activity of pancreatic cholesterol esterase is 
destroyed in dilute ammoniacal solution. 

3. By use of dilute ammonia as an extracting agent, it has been 
found possible to prepare a solution of active pancreatic lipase 
which will specifically hydrolyze neutral fat in the presence of 
both free and ester cholesterol, without affecting the latter. It 
is possible to separate quantitatively neutral fat fatty acids from 
cholesterol esters by use of this property. 
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THE USE OF LIPASE IN LIPID ANALYSES 


III. THE ACTION OF CASTOR BEAN AND PANCREATIC LIPASE 
ON BLOOD NEUTRAL FAT 


By F. E. KELSEY 


(From the Department of Biochemistry and Pharmacology, School of Medicine 
and Dentistry, The University of Rochester, Rochester, New York) 


(Received for publication, June 27, 1939) 


It is generally assumed that lipid extracts of blood or tissues 
contain three chief groups of fatty acid esters, (1) phospholipids, 
(2) ordinary neutral fat, and (38) cholesterol esters. The first of 
these can be isolated by precipitation with acetone and magnesium 
chloride, but up to the present time all methods for the separation 
of the other two groups have been unsatisfactory. 


EXPERIMENTAL 


In accordance with the method reported in Paper I (1), blood 
neutral fat was separated from the cholesterol esters by the 
following procedure. An alcohol-ether extract of the plasma 
was made and the acetone-insoluble fraction removed (2). The 
free fatty acids were separated from the acetone-soluble fraction 
as already described (1); this purified extract was made to a 
convenient volume and used as a stock solution. Aliquots were 
taken for the determination of the total fatty acids, and total and 
free cholesterol, from which the theoretical neutral fat content 
was calculated (1). Similar aliquots were transferred to soft 
glass test-tubes, the solvents removed by evaporation, and the 
residue subjected to lipase hydrolysis (1, 3) in order to split the 
neutral fat. After the hydrolysis period, the freed neutral fat 
fatty acids were separated from the unhydrolyzed fraction, 
weighed, and the percentage hydrolysis calculated. The un- 
hydrolyzed fraction, containing the free cholesterol and any 
unsplit fatty acid esters, was analyzed for free and total cholesterol 
to determine the effect of the lipase treatment on these fractions. 
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RESULTS AND DISCUSSION 


In no case was there found any appreciable amount of hy- 
drolysis or synthesis of the ester cholesterol, confirming the earlier 
work on synthetic esters. In Tables I and II are given sample 
data for both eastor bean and pancreatic lipase hydrolysis of dog 
plasma neutral fat. The results are not the same as those that 
were obtained from the analyses of other neutral fats (1, 3), and 
are difficult of interpretation. In no case were the freed fatty 
acids equal to the amount expected from the caleulated neutral 
fat content; for both the castor bean and pancreatic lipase the 
average hydrolysis was 55 to 60 per cent. This low hydrolysis 
left a correspondingly large amount of unhydrolyzed fatty acid 
esters which are not cholesterol esters. 

The results are open to two interpretations. Either the method 
of calculating the neutral fat is not correct, or the lipase does not 
act on plasma neutral fat in the same way as on other samples 
of neutral fat. The most plausible hypothesis is that there is 
present a fatty acid ester of unknown nature in the acetone- 
soluble fraction of blood plasma which appears in the calculations 
as neutral fat, but which cannot be ordinary triglyceride because 
of its resistance to enzymic hydrolysis, by both pancreatic and 
castor bean lipase. 

These results are not in agreement with those found by Bloor, 
Blake, and Bullen (4) using the procedure with castor bean lipase. 
They found an apparently complete hydrolysis of the neutral fat 
from human plasma extracts. However, the free fatty acids 
present in the extracts were not removed before hydrolysis, and 
these would tend to mask the true values, since they would appear 
in the calculations as hydrolyzed neutral fat. Also the cholesterol 
determinations were made by the method of Smith and Marble (5), 
which tends to give high values for the cholesterol ester content. 
In this method, the total cholesterol is determined by direct 
colorimetry of the saponified lipids. Because of the varying de- 
grees of color produced by the other lipids, the results of the total 
cholesterol determination would be too high (6). The free cho- 
lesterol, on the other hand, is determined by colorimetry on the 
purified free sterol. Since the ester cholesterol is calculated by 
subtraction, it would be higher than the true value. This in 
turn would, by caleulation, give a high value for the cholesterol 
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Hydrolysis of Dog Plasma Neutral Fat with Castor Bean Lipase 


Neutral fat fatty acids 


Sample No. 


(‘alculated* 


ty 
~ 
! 
bho bo bo 


to 
J 


aa. 
1] 


we 
bo 
“J sj] =] =] 


Average 


Ld. 
Ld. 
14. 
20). 
17. 
16. 
17. 
20). 
21. 
38. 


(‘holesterol ester fatty acids 


Neutral fat 


hydrolysis 


Found 


g. 


per cent 


65.8 
55.9 
55.1 
52.6 
61.5 
53.2 
48.9 
o3 
61.5 
64.5 
58.9 


57.4 


Calculatedt Found 
mg. mg 
27.4 36.7 
27.4 39.4 
27 .4 39.6 
27.4 40.3 
47.8 60.4 
47.8 63.1 
7.8 64.5 
47.8 63.1 
47.8 60.4 
47.8 
905.6 122.5 


* Theoretical values calculated by subtracting the cholesterol ester 
fatty acids from the total fatty acids of the acetone-soluble fraction. 
t Theoretical values caleulated from 


analyses. 


TABLE I] 


the 


total 


and free cholesterol 


Hydrolysis of Dog Plasma Neutral Fat with Pancreatic Lipase 


Neutral fat fatty 
acids (caleu- 


» No, 31.7 
ample No lated,* 31.7 mg.) 


found 

mg, 

17.5 
2 
4 
18.2 
16.5 
6 20.7 
7 17.5 
20.3 
Average 18.6 


Neutral fat 


hydrolysis 


per cent 


| 
tS 


Gye 


=] 


~ 


58.8 


Free cholesterol 
recovery 


per cent 


97. 


Q7 


95 


4 


95 .§ 


Cholesterol ester 
fatty acids (calcu- 


lated,t 24.5 mg.) 
found 
38.7 
38.0 
35.8 
38.0 
39.7 
39.5 
38.7 
39.9 


37.5 


* Theoretical values calculated by subtracting the cholesterol ester 
fatty acids from the total fatty acids of the acetone-soluble fraction.. 
t Theoretical values caleulated from 


analyses. 


the total and free cholesterol 


| 
| 
| 
mg. 
) 
| ) 
U 
3 m2 
), | 4 
l. Mm 6 
3 
2 Qs 4 
| 64.6 97 .2 
al 
O- 
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ester fatty acids, and a low value for the theoretical neutral fat 
fatty acids. 

Analyses made on a composite sample of beef serum gave a 
value of 50 per cent hydrolysis as an average of twelve determina- 
tions. Studies on the nature of the fatty acids of this sample 
of beef serum showed the hydrolyzed fatty acids (from the neutral 
fat fraction) to have an average molecular weight corresponding 
to Cys acids, while the fatty acids from the cholesterol esters had 
an average molecular weight of 227, indicating the presence of a 
considerable amount of the lower molecular weight fatty acids. 
Work on this phase of the problem is being continued in the hope 
of showing the roéle of the cholesterol ester fatty acids in the 
production of milk. 

Similar analyses were made on the acetone-soluble fraction of 
tumor lipids with the castor bean lipase. An average hydrolysis 
of the calculated neutral fat of 75 per cent was obtained from eight 


determinations. 


SUMMARY 


1. Blood plasma “neutral fat’? is not hydrolyzed to the same 
extent as ordinary triglycerides by pancreatic or by castor bean 
lipase. 

2. This fact indicates the presence of some fatty acid ester of 
unknown nature in the acetone-soluble fraction of the blood lipids. 

3. Castor bean or pancreatic lipase can be used to advantage 
in the study of the distribution of the blood lipids. Presumably 
all ordinary triglycerides are hydrolyzed, and their fatty acids can 
be isolated. However, the unhydrolyzed fraction contains in 
addition to the cholesterol esters a significant amount of some 
resistant fatty acid esters of unknown nature. 
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INTERACTION OF AMINO ACIDS AND SALTS 


III. THE DETERMINATION OF THE ACTIVITIES OF CALCIUM, 
BARIUM, AND STRONTIUM CHLORIDE IN AMINO ACID 
SOLUTIONS BY MEANS OF ELECTRODES OF 
THE THIRD KIND 


By NORMAN R. JOSEPH 


(From the Children’s Hospital Research Foundation, Department of © 
Pediatrics, and the Department of Internal Medicine, University 
of Cincinnati, Cincinnati) 
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An electrometric method for the determination of caletum ions 
in protein solutions has recently been deseribed (6). Calcium 
amalgam, which is unstable in the presence of protein, is protected 
from protein by a cellophane membrane, and in this condition is 
employed as one of the electrodes in a cell without liquid junction. 
The cellophane membrane protects the amalgam from proteins, 
but does not protect it from amino acids and diffusible cations 
other than calctum. The amalgam electrode is not sufficiently 
stable in the presence of these substances to yield reversible 
electromotive forces. This fact limits the use of this type of 
electrode to mixtures of proteins and calcium salts. 

For these reasons an alternative method has been sought, which 
will permit the electrometric determination of calcium ions under 
conditions which produce irreversible potentials in the calcium 
gmalgam electrode. ‘To be useful in biological fluids a calcium ion 
electrode must yield reversible potentials in the presence not only 
of proteins but of a variety of diffusible substances, many of which 
decompose calcium amalgam. 

In the following pages an electrode will be deseribed which can 
be employed for the determination of ionic calcium at very low 
concentrations in the presence of a variety of diffusible substances. 
In this method the electrode is lead amalgam in contact with 
lead oxalate and calcium oxalate. Electrodes of this type are 
called electrodes of the third kind. They have been studied by 
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Luther (11), by Corten and Estermann (3), and by LeBlane and 
Harnapp (9). Corten (2) has applied this type of electrode to the 
study of biological fluids. The theory of the electrode has been 
thoroughly treated by LeBlane and Harnapp. 


Theory 
In a saturated solution of two slightly soluble salts with a com- 
mon anion, such as lead oxalate and calcium oxalate, the concen- 
tration of one of the cations, lead for example, will depend on that 
of the other. Thus 
(Pb**) (C2047) 


and 
(Ca**)(C20,7) = (1, b) 
where A, and Ay denote the solubility products of the two salts 
and the symbols in parentheses denote ionic activities. 
In such a mixture 
(Pb**)/(Ca**) = Ki/Keo = Ko (2) 


where Ko is determined by the two solubility products. Thus over 
the entire range of calcium concentration above the limit of cal- 
cium oxalate solubility (Pb**) is proportional to (Cat*t*+). This 
is true under two conditions: first that there be no other anions 
present in sufficient concentration to form other insoluble lead 
salts, and second that there be no other cations present in sufficient 
concentration to form insoluble oxalates. Thus we should not 
expect the electrode to function in solutions containing phosphate 
or zine ions, for example. 

Under controlled conditions, however, lead amalgam in contact 
with saturated lead oxalate and a solution containing caleium 
chloride should act according to Equation 2 as a caleium ion 
electrode. The electrode reaction can be represented by the 
equation 

Pb + CaC.O, = PbC.0, + Ca** + 2e (3, a) 


the symbol ¢ denoting an electrochemical equivalent of negative 
electricity. 

If a silver-silver chloride electrode be in equilibrium with the 
same caleium chloride solution, we have 


2e + 2AgCl = 2Ag + 2C1 (3, b) 


ky (1, a) 
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Adding I:quations 3, a@ and 3, 6 we find 
Pb + CaC,0, + 2AgCl = PbC.0, + CaCl, + 2Ag (4) 


At equilibrium all the substances in Equation 4 with the 
exception of calcium chloride are in the solid state or in equilibrium 
with it, so that the reversible £.M.F. of the cell measures the mean 
ionic activity of this salt referred to its standard state. 

The cell reaction represented by Equation 4 can be compared 
with that occurring with a calcium amalgam electrode in combina- 
tion with a silver-silver chloride electrode. 


Ca + 2AgCl = CaCl, + 2Ag (5) 


In both cases the free energy change involved in the passage of 
2 electrochemical equivalents of electricity through the cell is 
the formation of 1 mole-of caletum chloride, from lead, calcium 
oxalate, and silver chloride in one case, and from calcium and silver 
chloride in the other. In both cases the E.m.F. of the cell is given 
by the relation 


yo 3RT/2F In AC aC (6) 


where /°, the standard potential of the cell, is determined by the 
temperature, the concentration of the lead amalgam, and the 
standard potential of the silver-silver chloride electrode. Rk, T, 
and F denote respectively the gas constant, the absolute tempera- 
ture, and the Faraday equivalent. The symbol ae,acy, denotes 
the mean activity of calcium and chloride ions 


aCaCh = V/ acead! (7) 


While the direct proportionality of (Pb**) to (Ca**) holds down 
to the limiting value of (Ca**) determined by Ke, (Ca**) at very 
low concentrations is determined not only by the composition of 
the fluid that is being studied but also by the dissociation of 
calcium oxalate and lead oxalate. Thus there is a lower limit 
beyond which the electrode does not determine the calcium ions 
of the cell electrolyte. This limit is determined by the values of 
AK, and Ky. LeBlane and Harnapp (9) have developed equations 
giving the relation between the true calcium ion concentration of 
the unknown fluid and that resulting from the dissociation of the 
oxalates in contact with the unknown. The resulting equations 
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are quite complex, and are omitted here. In Fig. 1 we have 
plotted the relation between the lead ion activity and the activity 
of alkaline earth ions of the unknown solution, for the case of all 
three alkaline earths, calcium, barium, and strontium. In all 
three cases, it is evident that below a certain limit (Pb**) is no 
longer directly proportional to the activity of the ions of the un- 
known solution. This lower limit depends on the solubility prod- 


-LOG 
(Me**) 


-LOG (Pb’*) 


Fic. 1. The relation between the activity of lead tons and alkaline earth 
cations in mixtures of the oxalates. (Me**) denotes the activity of the 
alkaline earth cations. 


ucts of the several oxalates. In the case of all three, however, 
this limit is of the order of | mm™ or less, so that the electrodes 
should theoretically yield valid results down to 1 mm. 


EXPERIMENTAL 


For the purpose of studying the behavior of electrodes of the 
third kind, determinations of the activity of calcium, barium, and 
strontium chlorides have been carried out in water and in amino 
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acid solutions, in which it is possible to compare the results with 
those of other methods. The influence of sodium, potassium, 
and magnesium ions has also been studied. 

The cell employed is that described in an earlier paper (6). 
It is an H-shaped tube, in one arm of which the amalgam electrode 
is suspended, while the other arm contains a silver-silver chloride 
electrode. 

Lead amalgam was prepared by the electrolysis of lead acetate 
against a mercury cathode. Approximately 100 gm. of amalgam 
are introduced into the amalgam container, the mouth of which is 
immediately sealed with a cellophane membrane. The amalgam 
container, a caletum chloride drying tube with a sealed-in platinum 
electrode, has been described elsewhere, as has the method. of 
applying the membrane (6). 

Freshly washed lead oxalate is applied to the outside of the 
membrane in the form of a paste. Lead oxalate is precipitated 
from a concentrated solution of lead acetate by the addition of an 
excess of oxahe acid. A second membrane is fixed over the 
mouth of the tube, so that a thin layer of the lead oxalate paste is 
held between two membranes. ‘The electrode is supported in the 
cell by means of the bulb of the drying tube. 

The electrode has been studied in aqueous solutions of caleium, 
barium, and strontium chlorides. Iquilibrium is reached gen- 
erally within an hour or less, although occasionally much longer 
time is necessary. ‘The system is considered to be at equilibrium 
when five or six readings taken over a period of at least 15 minutes 
agree to +0.2 millivolt. For example, in a solution of 0.0024 m 
CaCl, a freshly prepared electrode showed an initial E.M.F. of 
0.5560 volt against a silver-silver chloride electrode. In 1 hour 
and 5 minutes this reached a final constant value of 0.5375 volt. 
At 10 minute intervals following the initial reading the E.M.P.’s 
were 0.5533, 0.5487, 0.5464, 0.5440, 0.5397, 0.5393, 0.5375, 0.5375. 
This final £.M.F. remained constant within +0.2 millivolt for 1 
hour. When immersed in a solution of 0.0036 Mm CaCl, it reached 
a final constant value of 0.5235 volt in 35 minutes. At 10 minute 
intervals the readings were 0.5370, 0.5262, 0.5250, 0.5244, 0.5235, 
0.5235. This potential remained constant for 24 hours. The 
difference between these two final E.m.F.’s, 14 millivolts, agrees 
with the theoretical difference estimated from Equation 6. 
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Schmidt and Greenberg (16) have reported difficulty in attaining 
equilibrium with the zine oxalate electrode. Their experience 
corresponds to that of LeBlane and Harnapp (9) with that elec- 
trode, but not with that of Corten and Estermann (3), who were 
able to obtain the theoretical p.m.r. within half an hour. The 


TABLE I 
Activity Coefiicient of Calcium, Bartum, and Strontium Chlorides in 
Water at 25° 


CaCl, 0.0012 0. 0000 0.0000 0.875 O.875 
0024 0.0250 0.0214 0.833 0.840 
0.0036 0.0392 (0349 0.807 0.815 
0.0060 0.0562 0.0631 0.757 0.775 
0.0120 0. OS807 0.0902 0.710 0.710 
). 0240 0.1050 Q.1195 0.665 0.642 
0.060 0.1336 0.1905 0.564 0.545 
BaCl. 0.005 0000 0000 0.784 0.784 
0.010 0.0238 0.0349 0.724 0.724 
0.020 0.0460 0.0879 0. 640 0.655 
O754 0. 1500 555 0.561 
srCil. 0.005 0. QO00 0) QO00 0.785 
O10 0.0235 0 0383 0.719 0.716 
0.020 0. 0474 0.0721 1). 665 0). 651 
0.050 0.0770 0.1319 0.579 0.561 
0.10 1848 0.513 0.503 


—(E — E*) is the £.m.r. of the given solution subtracted from that of 
the most dilute solution of the series. y* is the activity coefficient of the 
most dilute solution obtained from the data of Scatchard and Tefft (15) 
for calcium and barium chloride and from the data of Lucasse (10) for 
strontium chloride. 

(a), activity coefficient estimated from E.M.F.; (5) activity coefficient 
estimated from data of Seatehard and Tefft and from that of Lucasse. 

—Log y/y* is calculated from the relation, —log y/y* = 11.27 (hk — 
k*) + log m/m*, where m* is the molality of the most dilute solution of 


the series. 


method of preparation of the zine oxalate has not been specified 
by any of these authors. In the present study freshly precipitated, 
finely divided lead oxalate is employed, and equilibrium is usually 
attained within an hour. 

The results of the measurements on pure salt solutions are 
presented in Table I. Activity coefficients are computed from 
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the data, and are compared with those of Scatchard and Tefft (15). 
The agreement is good down to very low concentrations of salt. 

With a given lead amalgam, the standard potential, #°, of the 
cell should vary for the different alkaline earth chlorides with the 
values of the solubility products of the alkaline earth oxalates. 
The standard free energy change, AF’, of the reaction Equation 
3, a 1s given by 


= in | 
(Ca*t)(C.0,7) 


«= —RT in K,/K: (3) 


TABLE II 


Estimation of Solubility Products of Oxalates from Electrode Potentials 


Salt (0.01 mM) E.M.F. Log K2:+10 (from | A+ (observed) 
volt 

CaCl, 0.5451 0 OOOO | 2504 x 

SrCl,.......| 0.5888 0.0437 | 2.7490 | 5.34 xX 10-§ | 5.61 X 10-8 


BaCi........| 0.6071 0.0520 3.0414 1.02 X 10° 1.10 


AK, is estimated from the E.m.F. data by the use of the equation E — 
Eca = 0.02957 log Ke/Kaca). The value of Keay, the solubility product 
of calcium oxalate, is taken from Kohlrausch (8). The values of the sol- 
ubility products of the other oxalates are estimated from the E.m.F. data, 
Kohlrausch’s value for Aow@ay being employed. 


Similar equations hold for the strontium and barium electrodes. 
Thus it is possible from E.M.F. measurements in solutions of the 
three alkaline earth chlorides to correlate the solubility products 
of the three oxalates. Table II contains the values of the solu- 
bility products of strontium and barium oxalates obtained from 
E.M.F. data on 0.01 M salt solutions, the value of A, for calcium oxa- 
late being taken as 1.78 & 10° ° at 18°, as determined by Kohlrausch 
(8). The results show that the standard potentials of the elec- 
trodes vary in the manner predicted by the theory, and that the 
values of the solubility products obtained in this way agree with 
those determined by Kohlrausch, who employed the conductivity 
method. 

In order to test the applicability of the electrode to solutions 
contaiming salts other than calcium chloride, a series of determina- 
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tions has been carried out in solutions of caleium chloride con- 
taining respectively sodium chloride, potassium chloride, and 
magnesium chloride. The results are presented in Table III, 
and in Fig. 2 the mean ionic activity coefficient of calcium chloride 
in these mixtures is plotted against the ionic strength, together 
with the values in pure calcium chloride solution. It is evident 
from these results that the values of the activity coefficient. of 
calcium chloride in these mixtures are very near the values in pure 


TABLE III 
Effect of Various Electrolytes on Activity of Calcium Chloride 
KC] NaCl 
KC] N C » | — Lo 
mole volt mole volt 
0.0012 m 0.01 0.03884 0.043 0.793 0.01 0.0380 0.047 0.785 
CaCl, 0.05 0.0662 0.146 0.625 0.05 0.0660 0.149 0. 621 
0.10 0.0780 0.207 0.543 0.10 0.0772 0.216 0.532 
0.012 mM 0.02 0.0132 0.027 0.667 0.02 0.0128 0.032 0.659 
CaCl. 0.05 0.0226 0.071 0.603 0.05 0.0233 0.063 0.614 
0.10 0.0318 0.117 0.542 0.10 0.0322 0.113 0.547 
Added 
MgCle 
0.012 0.0125 0.061 0.617 
0.024 0.0183 0.112 0.548 


AE is the change of E.M.F. produced by the addition of the second salt 
to the calcium chloride solution. 

—Log y/y* is calculated by means of the relation, —AKF = 0.05915 log 
C1/Cl* + 0.08872 log y/y*, where Cl* and y* are respectively the chlo- 
ride ion concentration and the mean ionic activity coefficient of calcium 
chloride in the pure calcium chloride solution. The latter values are taken 
from Table I. 


caleium chloride solutions of the same ionic strength. The 
magnitude of the deviations is within the range that would be 
predicted by the Debye-Hiickel theory, if the different ionic 
radius terms for the different salt mixtures are taken intoaccount. 
It can be concluded that these added cations, all of which form 
soluble oxalates, do not interfere with this type of electrode, even 
when present in excess. 

In Table IV are presented the results of determinations of the 
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effects of glycine and alanine on the activity coefficients of calcium, 
barium, and strontium chlorides. The results are calculated by 
the relation 


— log ¥3/7$ = 11.27 (E — Ep) (9) 
where y; and y; are respectively the mean ionic activity coefficients 
of the salt in the amino acid solution and in an isomolal salt solu- 
tion. # is the E.M.F. observed with the amino acid-salt mixture, 
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IONIC STRENGTH 
Fig. 2. The mean ionic activity coefficient of calcium chloride in water 
and in the presence of other salts. The various mixtures are denoted by 
the symbols: O CaCl. in water; + 0.0012 mM CaCl, + KCI; & 0.0012 M 
CaCl, + NaCl; @ 0.012 w CaCl, + NaCl; @ 0.012 mM CaCl. + KCI; A 0.012 
u CaCl, + MgCl. 


and #£’y is that of the pure salt solution. 11.27 is the reciprocal 
of the ratio (8 & 2.303 RT)/2F at 25°. 

In addition to the values of —log y3/y3, Table IV contains values 
of —log y2/y2, where yo and ys: are the activity coefficients of the 
amino acids in the salt solution and in water. These values are 
calculated as in earlier papers (4, 5) by application of the thermo- 
dynamic equation 


vd log ys; (10) 
d mz 
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where v is the number of gm. ions formed by the dissociation of a 
gm. molecule of salt, 3 in the case of the alkaline earth chlorides. 


Interaction of Amino 


ms, salt 


molality 


Gilycine- 
CaCl, 0.0024 


BaCl. 


srCl. 


0. 0060 
0.0120 
0.060 
0.120 
0) OOS 
0.01 
0.025 
0.10 
0.02 
0.05 
0.10 
0.25 
0.50 


Alanine- 0.0012 
CaCl. 0.0024 


Bal ‘ls 


SrCl. 


0.0120 
0.120 
0.005 
0.0] 
0.025 
).02 
0.05 
0.10 


AE 


volt 
0064 
0064 
0065 
0060 


0072 


0070 


0049 
0045 
0045 
0052 


0050 


0044 


TABLE IV 


Acids and Alkaline Earth Chlorides 


0.5 M glycine 


I 


Y3/ 


0. 
O51 
O45 
059 
056 
O50 


O72 
O72 
073 
06S 
065 
OS] 
O79 


0.5 alanine 


055 
O51 


0. QO005 
0.0010 
0.0025 
0.0050 
Q 
0). 0504 
0.0024 
0.0048 
0.0120 
0) 


0.0004 
0.0007 
0.0034 
0.034 


0.0015 


0.0030 
0.0079 


AE 


volt 


.O128 
O128 
.O125 
O119 
O114 
O110 
O142 
O112 
.O110 
.O108 


0090 
0064 
0060 


1.0m glycine 


—Log 


ke 
r3/ 


UO. 144 
0.144 
0.141 
0.134 
(). 128 
0.124 
0.167 
0.158 
0.161 
0.160 
0.126 
0.129 
0.124 
0.122 
0.122 


1.0 M alanine 


0.101 
0.099 
0.092 
0.096 
0.107 
0.101 
0.099 
0.072 
0.074 
0.068 


0.0010 
0.0025 
0.0050 
0.0252 
0.0504 
0.0024 
OOAS 
 O120 
0.048 

.0075 
0.019 

0.0375 
0.094 

0.187 


0) .GO04 
QO07 
0.0034 
0.034 

0.0015 
0.0030 
0.0074 
O42 
0.0105 
0.02) 


AE is the change of &.m.¥. produced by the addition of a given amount 


of amino acid to the salt solution. 


lo a good approximation in these systems, — log 73/y3 1s propor- 
tional to me, the amino acid molality, and independent of ms, 
the salt molality. 


Thus the differential coefficient (@ log y2)/ dms 
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‘an be taken as a constant, and —log ye/y2 is found to be directly 
proportional to ms. This result agrees with our earlier findings 
and with those of Cohn (1), who in ethanol-water mixtures finds 
—log ye to be proportional to the ionic strength of the added salt. 

In Fig. 3 are presented the values of —log ye/y2 for glycine in 
solutions of the alkaline earth chlorides, plotted against yp, the 
ionic strength of the salt solution. The results are compared 
graphically with the solubility results of Pfeiffer and Wurgler (13). 
Our results indicate somewhat greater values for — (6 log ye)/du 


—-LOG 
Ye 
' 234 5 6 
| 0 
05 
0 
0 2 


IONIC STRENGTH 
Fic. 3. The effeet of various salts on the activity coefficient of glycine 
in water. Curve 1, NaCl (from E.m.r. data at 1.4° (5)); Curves 2, 3, 4, 
BaCl,, CaCl, SrCl., respectively at 25° (e.m.Fr. data, Table IV); Curve 5, 
BaCl, (from solubility data, approximately 3m glycine (13)); Curve 6, 
CaCl, SrCl. (from solubility data, approximately 3 mM glycine (13)). 


than we caleulate from the solubility data, but they are clearly of 
the same order of magnitude, and vary with respect to the different 
salts in the same manner. ‘The rather small differences may pos- 
sibly be accounted for by the different experimental conditions, 
the solubility results having been obtained with saturated glycine 
solutions (approximately 3 M), and the electrometric measure- 
ments having been carried out in 1 M and 0.5 mM glycine solutions. 

The potentiometric results can also be correlated with the 
freezing point results of Pfeiffer and Angern (12). As we have 
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shown earlier, freezing point and E.M.F. results in three-component 
systems can be related by the thermodynamic equation. 


¥; 


Aes; — As — Az = 1.858 (om, In + | 
We 


In 
— dims 
ms (11) 


When the differential coefhicient in the integrals is independent 
of m. and ms, we obtain the simpler approximation formula 


— Ae — Az = 1.858 In (11, a) 


TABLE V 


Comparison of Freezing Point and Electromotive Force Results; Interaction 
of Glycine and Alkaline Earth Chlorides 


BaCl, CaCl, 
m,, Salt m,, glycine 4, — &,) ~ A, ~ &,) — A,) 
molality molality 
Observed Calculated Observed Calculated Observed Calculated 
0.0625 0.125 0.016 0.014 0.019 0.013 
0.125 0.25 0.065 0.056 0.073 0.050 


0.25 0.50 0.252 0.257 0.226 | 0.225 0.199 | 0.201 


Calculations based on Equation 1l,a@ and the following values of 
— (0 logy;)9 mz, estimated from data of Table IV: BaCl, 0.16, CaCl, 
0.14, and SrCl, 0.125. 


where Ao;, Ae, and A; are respectively the freezing point depressions 
of the three-component system, the isomolal amino acid solution, 
and the isomolal salt solution. 

In Table V are entered the values of the freezing point effects 
for the systems calcium chloride-glycine, barium chloride-glycine, 
and strontium chloride-glycine, as estimated from §E.M.F. data 
by means of Equation 11, a. These values are compared with 
the freezing point data of Pfeiffer and Angern (12). Although the 
freezing point data in dilute solutions are hardly adequate for a 
thorough comparison, the results are in good agreement as far 
as they extend. The deviations in the more dilute strontium 
chloride solutions appear to be considerably greater than the 
error of either method, but they may possibly be accounted for 
by the difference of temperature in the two sets of observations. 
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In addition to the measurements on amino acid-salt mixtures a 
series of determinations of calcium chloride activity in egg albumin 
solutions has been carried out. The protein employed in these 
determinations was an electrodialyzed preparation. The specific 
conductivity of a 5 per cent solution was IS xX 10° reciprocal 
ohm. The results are presented in Table VI. They show that 
in the presence of egg albumin, the activity of calcium chloride is 
diminished to a small extent. The magnitude of the effect, which 
is quite small, is about the same as that previously observed with 
carboxyhemoglobin and with serum albumin, and considerably 
less than that obtained with pseudoglobulin and gelatin (6). 


TABLE VI 
Activity of Calcium Chloride in Presence of Eqqg Albumin 


Protein concentration, 5 per cent. 


Salt molality AE — Logys /7; 
volt 
0.0012 0.0014 0.016 
0.0024 0.0010 
0.0060 0.0010 0.011 
0.012 0. 0008 0). 009 
0.120 0. 0.006 


AF is the increase in the E.m.F. produced by the addition of protein to 
the salt solution. 


DISCUSSION 


It is evident from the foregoing results that electrodes of the 
third kind are applicable to the study of the activities of the al- 
kaline earth chlorides both in water and in the presence of amino 
acids or of other inorganic salts. 

The values of the salting-in coefficient (@ log y./du) agree 
satisfactorily with those obtained by the freezing point and solu- 
bility methods. These values lie considerably below the theo- 
retical limiting slope for amino acids, estimated by Cohn (1) to 
be 0.32 from solubility data in ethanol-water mixtures. As we 
have pointed out elsewhere (5), deviations from this limiting slope 
are to be considered as a measure of the salting-out effect in 
aqueous solutions. Here because of the high dielectric constant 
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of the solvent, the Coulomb forces are of a smaller order of magni- 
tude than in ethanol-water mixtures, and the salting-out forces 
thereby become relatively more significant. 

Kirkwood (7) has recently elucidated this effect from the theo- 


retical point of view. He gives the equation, —log ye = 
— BV, where the coefficient Bt represents the salting-in 


coefficient, B) represents the salting-out coefficient, and [ denotes 
the ionic strength. For sodium chloride and water he estimates 
B! to be approximately 25 per cent of BY. From the foregoing 
experimental data on the alkaline earth chlorides we should 
estimate B! to be of the order of 50 per cent of BY. A salting- 
out effect of this magnitude is quite consistent with the results 
obtained by Randall and Failey (14) for the salting-out of acetic 
acid and its chloride derivatives. 


SUMMARY 


|. The electrode PhHg PbC.2O;, CaCeO,, has been studied 
in pure calcium chloride solutions and in the presence of sodium, 
potassium, and magnesium ions. It has been found to come to 
equilibrium in | hour or less, and to yield stable, reproducible 
potentials. 

2. The electrode has been used to study the activities of calcium, 
barium, and strontium chlorides in the presence of glycine and 
alanine. 

3. From the data the effect of these salts on the activity coef- 
ficients of the amino acids has been estimated and compared with 
the effects observed by the solubility and freezing point methods. 

4. It is concluded that the electrode behaves as a reversible 
ealclum ion electrode not only in the presence of pure caleium 
chloride but also in the presence of other neutral salts or of amino 


acids. 
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THE ISOLATION OF VITAMIN K,* 


By S. B. BINKLEY, D. W. MacCORQUODALE, SIDNEY A. 
THAYER, ann EDWARD A. DOTSY 


(From the Laboratory of Biological Chemistry, St. Louis University School 
of Medicine, St. Louis) 


(Received for publication, June 26, 1939) 


Since the discovery of the hemorrhagic syndrome (Dam, 1929, 
1930) many interesting contributions to the chemical study of 
vitamin K have been made by Dam and his collaborators, Alm- 
quist and his associates, and other investigators. Viewed from 
the standpoint of our knowledge of the vitamin, one of the most 
important communications is the recent paper (Dam, Geiger, 
Glavind, Karrer, Karrer, Rothschild, and Salomon, 1939) in 
which the preparation of a highly potent oil possessing vitamin Kk 
activity was reported; however, the procedure used in its prepara- 
tion was not described. According to the extinction coefficient 
(FE tom = 280 at 248 mu) given in that report and the value re- 
ported to us by Professor Ewing! (385; subsequent value 540, 


* This investigation was begun in September, 1936. Since early in 1938 
we have been assisted in many phases of our work by the active cooperation 
of Parke, Davis and Company of Detroit. We are happy to acknowledge 
our appreciation to this concern and particularly to its Scientific Director, 
Dr. Oliver Kamm. 

Preliminary reports on the isolation and preparation of derivatives of 
vitamins Kk; and Kk, were published in the May and June (1939) numbers of 
the Journal of the American Chemical Sociely. Since two different pure 
substances possessing vitamin Kk activity were isolated, the compound from 
alfalfa which has the smaller molecular weight was called vitamin K, and 
the compound from putrefied fish meal having the larger molecular weight, 
vitamin It is hoped that these temporary names will prove acceptable 
to the other investigators in this field until the structure of these com- 
pounds is fully understood. Then names expressive of the structure and 
action can be selected. 

' Our thanks are due to Professor D. T. Ewing of the Michigan State 
College for the ultraviolet absorption studies. A separate report on the 
absorption studies will be made. 
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Mekee et al., 1939; Binkley e¢ al., 1939) this oil was approximately 
50 per cent vitamin Kk. In this communication we are reporting 
details of the actual isolation of vitamin Ky, and the preparation of 
a crystalline derivative. 

In order to clarify the situation, we wish to say that we have 
previously reported (Thayer ef al., 1938) the isolation of a crystal- 
line compound possessing vitamin K activity. It was later stated 
by us (MacCorquodale ef al., 1939) that this compound (m.p. 69°) 
is not the vitamin and does not possess vitamin K activity. We 
are calling attention to that statement in order to correct as far 
as possible our mistake. 

Soon after the appearance of our first report, the isolation of 
Vitamins Ky and Kye (Melee et al., 1989) and the preparation 
of erystalline derivatives (Binkley ef al., 1939) were reported. 
Since the published methods for concentrating vitamin K extracts 
are wholly inadequate, it seems desirable to publish a method 
which is simple, easily carried out, and is practically quantita- 
tive from start to finish. This paper is concerned only with the 
procedure for the isolation of vitamin Ky, the vitamin occurring 
in alfalfa. 

Purification of Vitamin kh, 

Crude extracts were prepared from artificially dred alfalfa 
meal or leaf meal by percolation with petroleum ether. Acetone 
is a good solvent for removing vitamin Kk from the meal but the 
extracts contain at least twice the weight of solids obtained with 
petroleum ether. Although some purification of the crude ex- 
tracts could be effected by treating them with MgO (Almquist, 
1936), the loss of vitamin was often as great as 50 per cent in this 
laboratory and the amount of concentration was disappointing. 
Partition between various solvents and crystallization from a 
number of solvents were equally unsuccessful. The large amount 
of impurities in crude preparations made distillation at low pres- 
sures a difficult and impractical process. The inactivity of the 
vitamin toward many chemical reagents, such as acetic anhydride, 
hydroxylamine, etc., as well as its instability toward others, such 
as alkali, eliminated chemical reactions as a means of isolation. 

Adsorbents--Dam et al. (1936, 1937, 1938) reported that the 
vitamin was not recovered from some adsorbents, e.g. alumina and 
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but could be recovered from sucrose, CaCQOs, and CaSQx. 
In order to isolate the vitamin it was necessary to find an adsorbent 
toward which the vitamin was stable, from which the vitamin 
could be readily eluted, and which possessed adsorptive properties 
favorable to the separation of the vitamin from inert substances. 
It was found that the vitamin was partially or wholly inactivated 
by commercial alumina, magnesium oxide, infusorial earth, mag- 
nesium oxide plus supercel (Nos. 1 to 3) but was stable toward 
sucrose, decalso, permutit, various activated charcoal preparations 
such as norit, darco, nuchar, calcium carbonate, and calcium sul- 
fate. The efficiency of sucrose, calcium sulfate, and CaCQs was not 
sufficient to warrant their use. Over forty adsorption experi- 
ments were run before satisfactory adsorbents were discovered 
and proper methods of using them. 

With a modified chromatographic adsorption method it was 
found that decalso and permutit were very satisfactory for the 
concentration of crude preparations, while charcoal was ad- 
vantageous with preparations containing more than 10 per cent 
vitamin. Decalso is a synthetic zeolite manufactured by The 
Permutit Company® (New York) for water-softening purposes. 
The permutit used was prepared according to Folin. In each 
case the adsorptive properties of different shipments varied some- 
what. This difference may be due partially to the water content 
and partially to variability in the method of manufacture. In 
general, the greater the water content the less the adsorption. 
For example, the permutit used for the adsorption illustrated by 
Table IV did not adsorb the vitamin as strongly as the permutit 
used for the preparation described in Table III. For this reason 
petroleum ether containing less benzene was used for elution of the 
vitamin. The chief advantage of decalso over Folin permutit 
is one of economy. 

Adsorption Columns —Columns of adsorptive material of the 
following sizes were used: 3.5 & 40 em., 5.0 & 60 ¢m., 10.0 & 70 
em., 9.0 & 580 em., and a column 5 feet tall containing 750 
pounds. With the exception of the last column which was cop- 
per, the columns were of Pyrex glass and were of a height sufficient 
to hold a convenient volume of solvent above the adsorbent. 


*We appreciate the assistance in this investigation of The Permutit 
Company, New York. 
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The Pyrex columns were constricted at the bottom and a 15 mm. 
outlet tube sealed on. A Gooch plate and then a layer of cotton 
were used to cover the outlet. The desired amount of permutit 
or decalso (Folin grain size) was added and packed down firmly 
by jarring the column. The adsorbent was covered with cotton 
and the column was ready for use. 

Klution of Vitamin—The material to be adsorbed was dis- 
solved in petroleum ether (b.p. 90-105°) to make a 2 to 5 per cent 
solution. The amount of solid that can be used is | part of solid 
to 25 to 60 parts of adsorbent. Any crystalline material that 
separated was removed by filtration, and the filtrate poured 
directly into the column and allowed to flow through by gravity. 
As soon as this solution had passed into the adsorbent, more 
petroleum ether was added and this was followed in turn by 10 
per cent benzene in petroleum ether, 20 per cent benzene in pe- 
troleum ether, and acetone. The filtrate from the column was 
collected in fractions from which the solvent was distilled and the 
residue assayed for vitamin K activity (Thayer, McKee, Binkley, 
MacCorquodale, and Doisy, 1939). The quantities of solvents 
used as well as the size and number of fractions collected depended 
on the size of the column and the adsorbent used, as is shown in 
Tables I to VI. The amount of solvents used was such that all 
the vitamin had passed into the filtrate before acetone was added. 
Washing with acetone was used to prepare the adsorbent for future 
use, 

In the case of the adsorption of crude preparations containing 
large amounts of chlorophyll it was often necessary to discard the 
uppermost layer of the adsorbent or to use it again only to remove 
a considerable portion of the chlorophyll before the adsorptive 
process. The remainder of the decalso could be recovered by 
thoroughly extracting it with ethyl aleohol and air-drying for at 
least 48 hours. When more concentrated preparations which 
eontained no chlorophyll were used, the adsorbent was recovered 
by merely air-drying for 48 hours after the acetone washing. 
KMither decalso or permutit may be used as often as desired. 

It was found that decalso or permutit of a smaller grain size 
required more time to carry out the operation without an appreci- 
able increase in efficiency. 
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Four or five adsorptions were usually necessary to obtain a 
product which was essentially pure vitamin: (1) one or two ad- 
sorptions on decalso which increased the concentration of vitamin 
about 20 to 40 times (Tables Land II); (2) adsorption on permutit 
which gave about a 5- to 10-fold concentration (Table IIT); (3) 
adsorption on a 5.0 & 580 em. column of permutit which gave a 
2- to 5-fold concentration (Table IV); (4) adsorption on darco 
(Table V). 

Preparations contaming 10 to 30 per cent vitamin are yellow to 
red in color and contain about 10 per cent of crystalline material 
which may be removed by crystallization from absolute ethyl 
alcohol (5 to 10 ce. per gm. of material). The filtrate was then 
adsorbed on a column (3.5 & 30 em.) of dareo (20 to 40 mesh) 
and eluted in a manner similar to that used with permutit. 

Preparations such as Fractions Tle, Tlf, Tlg, and Tlh (Table 
\) are lemon-yellow oils which as nearly as can be discerned by 
assay are essentially pure vitamin Kk,. In this condition the 
preparations are extremely sensitive to both light (MacCorquodale 
et al., 1939) and alkali. The preparations were handled in a dimly 
lighted room and stored in a dark closet or ice box. All equip- 
ment was washed with chromic acid cleaning solution, distilled 
water, and ethyl alcohol before use. A drop or two of glacial 
acetic acid was added to each fraction as it was collected from the 
column. 

When Fraction Tlf (0.456 gm.) was distilled in a molecular still 
of the type deseribed by Almquist (1937) at 115° and 145°, and 
2X 10°-4mm. pressure, 91 per cent of the product was recovered in 
the fraction distilling between 115° and 145°. By assay the 
potency of this product was the same as before distillation; 
namely, 1000 units per mg. 

The product from this , well as several other prod- 
ucts obtained in a like manner was crystallized from both absolute 
ethyl alcohol (10 ec. per 100 mg.) and acetone (10 ec. per 100 mg.) 
by cooling for 3 or more hours in a dry ice-acetone bath. The 
filtrates contained 2 to 4 mg. per ce. The crystals were light 
yellow rosettes which melted at about —20° into solvent and a_ 
vellow viscous oil which gradually passed into solution. 
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Equally pure preparations were obtained by crystallizing frac- 
tions such as No. T1f without subjecting them to distillation. In 
either case it was usually necessary first to remove a small amount 
of less soluble material by cooling an absolute ethyl alcohol solu- 
tion (5 ec. per 100 mg.) at —5° and filtering. 

Carbon and hydrogen analyses and molecular weight determi- 
nations indicated that these preparations were a single compound 
having the empirical formula Cy,HyO.. Upon hydrogenation 
the vitamin absorbed 8 atoms of hydrogen, giving a colorless 
product which on exposure to air was oxidized to a yellow product 
similar to the original vitamin in color. This yellow compound 
absorbs 1 mole of hydrogen to form a colorless product. 

‘The behavior upon hydrogenation, the absorption spectrum, 
and the lability toward light (MacCorquodale et al., 1939) and 
alkali indicated that the vitamin was a quinone.- Reductive 
acetylation gave a white crystalline derivative melting at 59°. 
This derivative possessed the activity of vitamin K and was 
converted into vitamin Kk, which in turn was converted back to 
the diacetate. 

This compound is not readily hydrolyzed by alkali or acids in 
an aqueous or alcoholic medium. In alcoholic solution its activity 
is unstable to 1 per cent potassium hydroxide or to 36 hours ex- 
posure to sunlight but is stable to at least 20 days of exposure to 
light from a 100 watt bulb at a distance of 4 feet. 

Diacetyldihydro vitamin K, was converted to vitamin Ky, by 
treating an anhydrous ether solution with an excess (fourteen 
times) of methyl magnesium iodide, followed by shaking an ether 
solution of the hydrolyzed product with air. After molecular 
distillation and crystallization from acetone, the product showed 
the same analysis, assay, and ultraviolet absorption spectrum as 
the original vitamin preparations. 


EXPERIMENTAL 


Extraction and Adsorption—Since a specific example of the 
processes which we have discussed in general terms only may be 
of value to those who may wish to use our procedure, we are giving 
the detailed description of the preparation of pure vitamin K;,. 

1000 pounds of kiln-dried alfalfa leaf meal were percolated with 
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petroleum ether (b.p. 80-100°) for 12 hours. Approximately 500 
gallons of petroleum ether were used; after percolation the solvent 
contained about 20 pounds of extracted solids. After being con- 


TABLE I* 
Fractionation of Crude Extract of 1000 Pounds of Alfalfa Leaf Meal 
10,000 gm. of solids; 4,000,000 units; 0.4 unit per mg. The volume for 
each fraction was 240 gallons. 


Assay 
Fraction Total 
Solvent 
No. solids Units in Units per 
fraction mg. solids 
qm. 
| Petroleum ether 1034 < 300 , 000 <0.3 
2 156 < 900 , COO <Z 
3 906 2.000 , O00 4 
4 200 1,500,000 7.5 
5 10°, benzene in petroleum ether 72 < 600 , 000 <9 


* Performed in the Parke, Davis and Company laboratories. 


TABLE II* 
Second Fractionation of Active Fractions Obtained from 
First Fractionation 
Decalso was again used. 18,400 gm. of solids; 26,000,000 units; 1.4 
units per gm. 375 gallons of petroleum ether were used as solvent for each 


fraction. 
Assay 
Fraction No. Solids obtained 
Units in fraction Units per mg. 
gm, 

Inactive 

2 5874 < 1,000 , 000 <@Q).2 
3 2408 < 1,000,000 <0.4 
| 1167 10,000 , 000 8.5 
a) 713 > 13,000 , 000 >18 

475 O00 , 000 17 

7 2,000 , 000 3.5 


* Performed in the Parke, Davis and Company laboratories. 


centrated to about 120 gallons, the extract was ready for further 
purification. 


’ Performed in the Parke, Davis and Company laboratories, Detroit. 
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The concentrated extract was then percolated through a 5 foot 
column containing from 500 to 750 pounds of decalso. This 
procedure gave fractions practically free from chlorophyll. Table 
I shows the results of an actual adsorption experiment in which 
a crude petroleum ether extract of 1000 pounds of alfalfa contain- 


TABLE III 
Third Fractionation of Portion of Fraction 5, Table II* 
Permutit was used. 106 gm. of solids; approximately 3,000,000 units; 
28 units per mg. 


Assay 
: Units in Units per 
fraction mg. solids 
liters gm. 

TS5a Petroleum ether 6 4.22 Inactive 
T85b 10% ~—benzene 

90% petroleum ether 3 24.30 ” 
T85e 10% benzene 

90% petroleum ether 3 38.92 < 100,000 <Z 
TS85d 10% benzene 

90% petroleum ether 3 14.47 140,000 10 

T85e 10% benzene 

90% petroleum ether 3 8 440 , 000 50 
Tsdf 10% benzene 

90% petroleum ether 3 4.78 480 000 100 
TR5g 10% benzene 

90% petroleum ether 3 3.24 380,000 100 
TS85h 20% benzene 

80% petroleum ether 3 2.75 > 275,000 > 100 
TS5i 20% benzene | 

80% petroleum ether 3 2.48 > 250 , 000 > 100 

20% benzene 

80% petroleum ether 6 1.39 > 140 , 000 > LOO 
TS5k Acetone 3 2.216 <100,000 <50 


* Assay of this fraction after its receipt from Parke, Davis and Company 
showed that it contained about 3 million units. 


ing 4 million units of activity and 10,000 gm. of extractives was 
passed through 750 pounds of decalso. 

The results shown in Table II were obtained by a second decalso 
adsorption of the active fractions obtained from the first adsorp- 
tion with deecalso. These active fractions obtained from the 
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first adsorption and representing 6000 pounds of alfalfa contained 
18,400 gm. of solids and about 26 million units. 

A portion of Fraction 5 (106 gm., see Table II)* was then dis- 
solved in 2 liters of petroleum ether and adsorbed on a column of 
permutit (10 * 70 em.) by the method already described. The 
results are shown in Table III. 

Fraction e and Fractions f to } were further concentrated by 
adsorption on a column of permutit 5.0 580 em. The results of 


TaBLe IV 
Fourth Fractionation on Column (0.05 * 5.8 Meters) of Permutit 


Columns 4, 5, and 6 show fractionation of Fraction TS85e and Columns 
7, 8, and 9 the fractionation of a combination of Fractions TS85f to j of 
Table III. The weight of the former was 8.81 gm.; of the latter, 15.17 gm. 


Assay Assay 
Frac- Vol- Solids Solids 
tion solvent ob- ob- 
No. ume ‘tained Units in t — tained Units in a 
fraction I fraction I 
mg. g. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
liters gm. gm. 


a 5% CoHs in 95% 4 0.905 <95,000 <100 3.612 <180,000 <50 
petroleum ether 


3.022 <500,000 < 160 2.467 <200,000 
1.930 <300,000 <150 2.627 >870,000 >330 
d 1 0.999 150,000 150 2.240 >740,000 > 330 
e 1 0.6380 100,000 1601.169 >390,000 > 330 
f 1 0.718 >250,000 >3500.980 300,000 300 
g 1 0.301 30,000 1001.039 300,000 300 
h 10% CsHein petro- 2 0.406 <20,000 <501.199 <50,000 <40 


leum ether 
Acetone 


bo 
— 


3387) <50,000 <150 1.067 <50,000 <50 


this adsorption are shown in Table IV. The results of an adsorp- 
tion experiment starting with 5.72 gm. of material containing 1.5 
million units and with use of darco as adsorbent are shown in 
Table V. 

Analysis of Vitamin K,—-In Table VI, we have given the anal- 
yses of several preparations of vitamin ky. Carbon and hydrogen 
were determined by the Pregl method and the molecular weight 


‘ Assay of this fraction after its receipt from Parke, Davis and Company 
showed that it contained about 3 million units. 
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Weight 5.72 gm. 


‘raction 
Fracti Solvent 


No. 
Tla aleohol 
Tib Petroleum ether 


Tle 50% ethyl aleohol, 
50% benzene 


Tid Benzene 
Tle 

Tif 

Tig 

Thh 

Thi 

TLk Hot benzene 
Til 


* Contains chiefly impurities from carbon. 


TABLE V 


Fifth Fractionation with Column of Darco 


260 units per mg. 


Volume 


3 
ce, 


200 
300 * 
500 
500 °° 
500 
500 * 


iters 


| liter 


500 ee, 


1 liter 


TABLE VI 


Isolation of Vitamun kh, 


Weight 


gm. 

1.0760 

0.4325 


0.3485 
0.3075 
0). 4567 
0. 2845 
0.1795 
0.0973 
0.1789 
0. 
0.0810 


Assay 


Units in 
fraction 


Inactive 


‘ 


170,000 
307 , 000 
457 
285, O00 
180, 000 
97,000 
<50,000 
< 30,000 
< 30,000 
< 20,000 


Units 


per mg. 


500 
1000 
1000 
1000 
L000 
1000 

< 300 
< 300 
< 400 
< 800 


Analyses of Vitamin Ky, and of Diacetate of Dihydro Vitamin kK, 


Fraction No. Carbon 
per cent 
Vitamin kK, 

T3b2 82.76 
T20al 82.54 
82.65 
T47a2 82.34 
From diacetate 82.47 
82.66 

Calculated for 
82.62 
Diacetate of dihydro 78.21 
vitamin Kk, 78.01 

Calculated for 


CosH 520, 78.33 


Hydrogen 


per cent 


10.44 
10.65 
10.66 
10.53 
10.62 
10.54 


Mol. wt. 


450), 


464 
450 
531 


590 
536 


436 


Hydrogenation 


m oles 


. 93 


9] 
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by the Rast method. Nitrogen, phosphorus, sulfur, and halogens 
were not detected by qualitative analyses. A 1 per cent solution 
in absolute ethyl aleohol did not rotate polarized light. 

Hydrogenation by the method described by Smith (1932) gave 
the following results: 18.0 mg. of Fraction ‘T20al in 5 ce. of a 
mixture of equal volumes of glacial acetic acid and n-butyl ether 
with 8O.7 mg. of required 3.52 cc. of He Correspond- 
ing to 3.93 moles for a molecular weight of 450; 20.5 mg. in the 
same solvent with 90.1 mg. of PtOQe required 4.05 cc. of He (s.7.P.), 
corresponding to 4.00 moles; 18.6 mg. of Fraction T47a2 in the 
same solvent with 85.0 mg. of PtOQes required 3.60 ce. of He (s.T-P.), 
corresponding to 3.91 moles. A colorless product was formed 
which on exposure to air was oxidized to a yellow product similar 
to the original vitamin in color. 27.0 mg. of this yellow produet 
In Oce, of the same solvent mixture with 55.0 mg. of PtOQe. required 
1.21 ce. of He corresponding to 0.90 mole.® 

The ultraviolet absorption curves show maxima at 243, 248. 
261, 270, and 323 my with an extinction coefficient of Foy.) 
540 at 248 mu. Owing to the instability of the vitamin toward 
hight and storage, it is not certain that 540 1s the maximum value 
attainable. After catalytic reduction the maxima at 243, 248, 
and 325 my disappear. Exposure to light destroys the charac- 
teristic absorption of the vitamin but produces general absorption 
in the ultraviolet region with the more intense absorption trom 
240 to 270 mu. 

Diacetate of Dihydro Vitamin Ky 100 mg. of vitamin Ky and 
100 mg. of fused sodium acetate were dissolved in 10 ec. of acetic 
anhydride and the solution was refluxed with | gm. of Zn dust for 
30 minutes. An additional 1 gm. of Zn dust was added in portions 
of a few mg. during the period of heating. The mixture was 
filtered while hot and the zinc washed with a few cc. of acetone. 
The acetic anhydride was decomposed by the addition of water 
and the mixture was extracted with ether, and the ether washed 
with water and evaporated to dryness. “The residue was dissolved 
In absolute methyl alcohol (5 ce.), treated with a small amount of 


» Note Added to Page Proof Asa result of our degradation experiments 
and the synthesis of vitamin Ky, (Binkley, Cheney, Holeomb, 
McKee, Thayer, MacCorquodale, and Doisy, J. Am. Chem. Soc., in press) 
certain corrections have been made in the page proof. 
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norit, filtered, and the filtrate was evaporated to 3 ce. and cooled 
to —5°. The product was filtered off and dried in vacuo over 
CaCl; m.p. 56-57°. Yield 85 per cent. After reerystallization 
from low boiling petroleum ether (b.p. 30-60°) and methyl alcoho! 
it melted sharply at 59°.) The product was very soluble in ace- 
tone, ethyl aleohol, and benzene. The photomicrograph (Fig. 1) 
is of our most highly purified specimen. 

Analysts of Diacetate Found, C 78.21, 78.01, H 10.07, 10.08, 
mol. wt. 531. Caleulated for Cy¢Hs,Oy, C 78.50, H 9.88, mol. wt. 
550; for Cs3,5HseO4, C 78.33, H 9.77, mol. wt. 536. Microhydro- 
genation: 24.7 mg. in 5 ce. of a mixture of equal volumes of 


hic. 1. Diacetate of dihydro vitamin Ky. Magnification 62 This 
specimen has been erystallized nine times with methyl alcohol, ethy! 
alcohol, and petroleum ether as solvents. Mp. 62-63°; = 1600 at 


232 my; C 78.28, 78.22, H 9.76, 9.93; assay, 600 units per mg. 


glacial acetic acid and n-butyl ether with 85.0 mg. of PtOs re- 


quired 3.04 cc. of Hy (s.7.p.), which corresponds to 2.95 moles 
(mol. wt. 536). There is general absorption in the region from 


220 to beyond 300 my with intense absorption at 230 mu where 


the extinetion coefficient of Eo = 1300. Assay, 500 units 
per mg. 

Hydrolysis of Diacetate 200 mg. of the diacetate of dihydro vita- 
min Kk, were refluxed in 20 cc. of anhydrous ether with 0.02 mole of 
methyl magnesium iodide for 5 hours.6 The reaction mixture was 
poured into 100 cc. of water to which 10 drops of dilute HCI had 


* For executing this hydrolysis we gladly express our appreciation to 
Dr. L. C. Cheney. 
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been added. Dilute HCl was added until the solution was acid 
to litmus. The aqueous phase was extracted with ether, and the 
ether solution washed with water and evaporated. The weight 
was 170 mg. The product was transferred to a molecular still 
and distilled at 2 * 10-4 mm. pressure and 115° and 145° for 3 
hours. The fraction distilling between 115° and 145° weighed 
120 mg., the residue 50 mg. With a longer period most of the 
material would have been in the fraction distilling at 115—-145°. 
The fraction of 120 mg. was crystallized from 10 ce. of acetone at 
—70°. Yield 82 mg. Analysis, found, C 82.47, 82.66, H 10.62, 
10.54. Assay, 1000 units per mg. The mother liquors from the 
acetone crystallization and the residue from distillation (combined 
weight 81 mg.) were active at 1000 units per mg. and yielded 95 
mg. of crude diacetyldihydro vitamin K, or 81 mg. of purified 
product. 

Reductive acetylation of the fraction of 82 mg. gave a compound 
which according to melting point (59°), mixed melting point 
(59°), and bioassay (500 units per mg.) was identical with the 
original diacetate of vitamin k,. 


DISCUSSION 


We believe that the evidence submitted in this paper is adequate 
to show that the isolation of vitamin Ky, has been accomplished. 
Although the oily character and instability of vitamin K, and the 
lack of accuracy of assay compared with chemical and physical 
criteria of purity have made the problem difficult, the preparation 
of the stable crystalline diacetate has offered conclusive evidence 
of real isolation. From a light yellow oil which by analysis and 
assay seemed to be pure, a colorless crystalline diacetate having 
a sharp melting point was prepared. Upon assay by our proce- 
dure this diacetate possessed one-half of the potency of the original 
oil; by hydrolysis the original yellow oil with double the potency 
of the diacetate was recovered in good yield. From this oil a 
diacetate agreeing with the original diacetate was prepared. 

A similar reduction of potency due to the formation of the di- 
acetate of the dihydro compounds has been observed with vitamin 
Ky and also with | ,4-naphthoquinone and 2-methyl-1 ,4-naphtho- 
quinone (Thayer, Cheney, Binkley, MacCorquodale, and Doisy, 
1939). 

Though the analytical data presented in this paper are not 
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adequate to establish whether CzeH4ysQ2 or C3;HyeQe is the right 
formula for vitamin ky, we believe that C3;H4eQs is correct. The 
carbon, hydrogen, and molecular weight determinations indicate 
either formula equally well. However, the results of degradation 
experiments which are being published elsewhere afford strong 
evidence for 

Perhaps the nearest approach to the isolation of vitamin hy, 
has been made by Dam, Karrer (1939), and their coworkers. A 
comparison of their ultraviolet absorption curve with our data 
shows that they have failed to find a maximum at 243 mu. Since 
this has been found in the examination of all of our preparations 
of vitamin Ky, we believe that its existence is real. It would seem 
from an examination of their curve that this maximum should have 
been detected even though their preparation was probably only 
50 per cent vitamin. 

The value of 50 per cent is arrived at by a comparison of the 
extinction coefficients at 248 mu. The value of 21.2, found for one 
of our best preparations, 540, is approximately double the value, 
280, reported by Dam ef al. Moreover, the earbon and hydrogen 
analyses are rather close to the correct values but since the authors 
did not calculate a formula, it appears that there was a lack of 
confidence in the purity of their product. 

Almquist and Klose (1939) reported that vitamin Kk, formed a 
choleic acid with desoxycholic acid. We have been unable to 
obtain a choleic acid from the pure vitamin preparations. The 
only products obtained were vitamin Ky and desoxycholic acid. 
However, when crude preparations were used, substances with 
higher melting points than desoxycholic acid were formed. The 
activity of these preparations was evidently due to adsorption of 
the vitamin on choleic acids formed by the impurities present. 

In an earher publication (Thayer, Mclxee, Binkley, Mac- 
Corquodale, and Doisy, 1939) it was stated that for accurate 
assay work ten to twenty chicks should be used at a single dosage 
level. However, it was found that two to four chicks at a single 
level gave results sufficiently reliable for ordinary concentration 
work. In fact, most of our routine purifications have been con- 
trolled by assays with the smaller number of chicks. If both of 
two chicks give either a positive or a negative response the result 
is usually satisfactory and the quantity of the vitamin prepara- 


| 
| 
| 
| 
! 
| th 
el 
Or 
ch 


Binkley, MacCorquodale, Thayer, Doisy 233 


tion given on the following day is reckoned on the basis of that 
response. If one of the chicks responds and the other fails to 
react, the administration of the same dosage is repeated. 

Since in an investigation of this character the assays become a 
laborious task, any procedure that lightens the load is weleome. 
In addition to our finding that a small number of birds usually 
gives a reliable assay, the report of Ansbacher (1938) that chicks 
will respond to administration of vitamin K in 4 to 6 hours has 
been of real assistance. Since there seems to be no advantage of 
a 6 over an 18 hour period of assay with respect to the chemical 
work of a laboratory day, we have used the longer period in the 
expectation that the absorption and response might be more 
uniform. In practice, the extracts were administered during 
the afternoon and the results were available early the following 
morning. 


SUMMARY 


By the use of decalso, permutit, and darco as adsorbents, vita- 
min Ky has been isolated in a practically pure state. Crystalliza- 
tion, or distillation and crystallization, has given the pure vitamin. 

Pure vitamin Ik; has been converted by reductive acetylation 
into the diacetate of dihydro vitamin K,; m.p. 62-63°; potency 500 
units per mg. By means of the Grignard reaction the diacetate 
has been converted back to vitamin Kk, with 100 per cent en- 
hancement of potency, 1000 units per mg. 


We wish to acknowledge financial assistance from the Theelin 
Fund administered by the Committee on Grants for Research of 
St. Louis University. Moreover, we are indebted to Mr. Joseph 
Yglesias for efficient assistance in the fractionation experiments 
and to Mr. Patrick Pomphrey for his cheerful help with the assays 
and to Mr. H. C. Schaefer of the Purina Mills who has advised us 
on several points connected with this investigation. 


Addendum (July 31, 1939)— After this manuscript had been accepted for 
publication and after our ‘‘Communications to the Editor’’ (Journal of 
the American Chemical Society, May and June; McKee et al. (1939); Binkley 
etal, (1939)) had been published, a short report by Karrer and Geiger (1939) 
on vitamin K from alfalfa appeared in the July 1 number of Helvetica 
chimica acta. Most of the data confirm some of our previously published 
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observations, but in addition, a study of the oxidation-reduction potential 
is reported. Apparently, Professor Karrer’s data did not permit him to 
reach a decision on the nature of the quinone nucleus in vitamin K,;. Our 
ultraviolet absorption studies and data on the degradation products and 
the biological activities of 1,4-naphthoquinone and 1,4-naphthoquinones 
substituted in the 2 or 2 and 3 positions enable us to say with certainty 
that vitamin K, is a 2,3-disubstituted naphthoquinone. 

Our recent report (MacCorquodale ef al.,° 1939) on the sensitivity of 
vitamin hk to visible light, and our communication (MehKee ef al., 1939) 
issued on May 5, in which evidence was cited in support of our belief that 
vitamins kK, and Kk, are quinones, had apparently not come to the attention 
of Professor Karrer before his paper was submitted for publication. 
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PARTIALLY O-METHYLATED HEXITOLS 
III. SYNTHESIS OF 1,3,4,5-TETRAMETHYL |-RHAMNITOL 
By R. STUART TIPSON anp P. A. LEVENE 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, July 5, 1939) 


In a previous communication! it has been shown that the 
aldobionic acid from flaxseed mucilage may be formulated as 
2-(d-galacturonopyranosido)-/-rhamnose. 

If this is correct, reduction of the aldobionic acid in the presence 
of Raney’s nickel catalyst, followed by methylation and hydroly- 
sis, should give rise to equimolecular proportions of 2,3 ,4-tri- 
methyl d-galacturonic acid and a tetramethyl /-rhamnitol having 
position 2 unsubstituted. 

In order to be able to establish the identity of this tetramethyl 
rhamnitol and afford confirmation of the above formulation, we 
have synthesized 1,3,4,5-tetramethyl /-rhamnitol in a manner 
which leaves no doubt that, in the synthetic material, position 2 
is unsubstituted. 

The synthetic 3 ,4-dimethyl /-rhamnose previously known! 2 was 
reduced with hydrogen in the presence of Raney’s catalyst, 
yielding 3,4-dimethyl /-rhamnitol. This was condensed with 
acetone to give 1 ,2-isopropylidene 3 ,4-dimethyl rhamnitol, which 
was then methylated by means of Purdie’s reagents. The acetone 
residue was hydrolyzed from the resulting 3,4,5-trimethyl 1 ,2- 
monoacetone (-rhamnitol and the product condensed with tri- 
phenylmethyl chloride in the presence of pyridine. 

Without isolation, the 1-trityl 3,4,5-trimethyl /-rhamnitol was 
benzoylated and the 2-benzoyl 1-trityl derivative formed was then 


' Tipson, R.S., Christman, C. C., and Levene, P. A., J. Biol. Chem., 128, 
609 (1939). 

? Haworth, W. N., Hirst, E. L., and Miller, E. J., J. Chem. Soc., 2469 
(1929). 
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detritylated by the action of boiling 80 per cent aqueous acetic 
acid. 

The 2-benzoy! derivative was methylated by means of Purdie’s 
reagents, yielding 2-benzoyl 1,3,4,5-tetramethyl /-rhamnitol 
which, on debenzoylation, gave rise to the desired 1,3,4,5- 
tetramethyl /-rhamnitol. 


CHLOH CH.O 
| | SCMe, 
| H-C-OH H-C-OH 
O H-C-OCH; H-C-OCH, H-C-OCH; 
| | | 
CH;0-C-H CH;0-C-H CH;0-C-H 
HO-C-H HO-C-H 
| 
3,4-Dimethyl 3,4-Dimethy! | ,2-Monoacetone 
/-rhamnose 3 /-rhamnitol 3,4-dimethyl 
/-rhamnitol 
C,H; 
CH.,OCH; CH.O-C——C,;H; CH.OH 
| 
H-C-OH H-C-O0-COC,H; H-C-OH 
H-C-OCH, H-C-OCH; H-C-OCH; | 
CH,O-C-H CH,O-C-H CH,O-C-H 
CH,O-C-H CH,O-C-H CH,O-C-H 
CH; CH; CH, 
1,3,4,5-Tetra- 1-Trityl 2-benzoy! 3,4,5-Tri- 
methyl] /-rham- 3,4,5-trimethyl methyl l-rham- 
nitol l-rhamnitol nitol 
EXPERIMENTAL 


Preparation of 3,4-Dimethyl 1 ,2-Methylorthoacetyl l-Rhamnose— 
4 gm. of dry, recrystallized 1,2-methylorthoacetyl /-rhamnose’ 
were methylated as described by Haworth, Hirst and, Miller 
except that acetone (20 cc.) was used as the extraneous solvent 
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(instead of methanol) in the first treatment with Purdie’s reagents 
(59 ec. of methyl iodide and 25 gm. of silver oxide). Only one 
more treatment with the same amounts of reagents (without 
addition of acetone) was then necessary to complete the methyla- 
tion, and no deacetylation occurred. 

The crystalline product distilled at 75° at O.1 mm. (bath 
temperature, 80-83°) and had » = 1.4488 (for the superfused 
substance). The syrup crystallized with considerable evolution 
of heat. It was readily recrystallized* from pentane (1 gm. in 20 
ec.) and then had a melting point of 67-68° and the following 
specific rotation. 


+0.89° & 100 
lal; = — = +40.6° (in neutral, distilled water) 
2 XK 1.096 


Its Composition Was as follows: 


4.884 mg. substance: 9.545 mg. CO» and 3.520 mg. H.O 
4.270 °° :30.80 ce. 0.01 N sodium thiosulfate (methoxyl) 
hydrolysis) 
Calculated. C 53.19, H 8.1, OCH; 37.51, COCH; 17.34 


Preparation of 3,4-Dimethyl l-Rhamnose—Hydrolysis was ac- 
complished by boiling a 2 per cent solution of 3,4-dimethyl 1 ,2- 
methylorthoacetyl /-rhamnose in 0.5 N aqueous hydrochloric acid 
under a reflux condenser during 2 hours. ‘The solution was then 
cooled, rendered neutral with barium carbonate, and the product 
isolated in the usual manner, giving a practically quantitative 
yield of crystalline dimethyl rhamnose which was reerystallized 
twice from ether (1.5 gm. in 30 ee.). 

The product then had a melting point of 102-103°, which was 
not raised by further recrystallization. We previously! 
reported a melting point of 94-95° for 3,4-dimethyl /-rhamnose 
recrystallized from ether-pentane. 

The sugar may be distilled at high vacuum without decomposi- 
tion. It boils at 99° at 0.1 mm. (bath temperature, 108-111°) 
and has n=” = 1.4710 (for the superfused substance). 

In the same manner (by reerystallization from ether instead of 


* Compare with foot-note 2. 
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ether-pentane) the melting point of the 3 ,4-dimethyl! /-rhamnose 
from flax aldobionic acid! was raised from 94-95° to 102-103°. 

Preparation of Synthetic 3,4-Dimethyl l-Rhamnitol —1 gm. of 
crystalline, synthetic 3 ,4-dimethyl /-rhamnose was dissolved in 100 
cc. of distilled water, an aqueous suspénsion of several gm. of 
Raney’s nickel catalyst was added, and the mixture was shaken 
in an atmosphere of hydrogen at a pressure of 1650 pounds per 
sq. inch at 125° during 3 hours. 

The mixture was now cooled and filtered with suction through 
a thin layer of charcoal. The clear, colorless filtrate was evap- 
orated to dryness, giving a mass of colorless crystals (weight, 1 
gm.). 

The product, which was non-reducing to boiling Fehling’s 
solution, was dissolved in 10 cc. of boiling acetone, the hot solu- 
tion filtered, and the filtrate cooled in the refrigerator. The first 
crop of crystals was filtered off, washed with a little acetone, and 
dried (weight, 0.5 gm.). Further crops were isolated from the 
mother liquor. The substance had a melting point of 105°, 
n> = 1.4713 (for the superfused material), and the following 
specific rotation. 


= —25.5° (in absolute methanol) 


Its composition was as follows: 


5.424 mg. substance: 9.880 mg. CO» and 4.505 mg. H.O 


20.32 ce. 0.01 N sodium thiosulfate 
C,H, sOs. Calculated. 49.45, H 9.4, OCH, 31.96 
Found. 


Catalytic Reduction of Dimethyl Rhamnose from  Aldobionie 
Acid of Flaxseed Mucilage——\ gm. of crystalline dimethyl rhamnose' 
was dissolved in 100 ce. of water and catalytically reduced as 
described for the reduction of synthetic 3 ,4-dimethyl /-rhamnose. 

The product was isolated in the same manner, giving a quantita- 
tive yield of crystalline material which was recrystallized from ace- 
tone. 

The substance had a melting point of 105° and the melting 
point was unchanged on admixture with a sample of synthetic 
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3,4-dimethyl /-rhammitol, affording further confirmation of our 
previous formulation.' 
It had the following specific rotation. 


»  —0.58° 100 


la], = —25.9° (in absolute methanol) 


[ts Composition was as follows: 


1972 mg. substance: 9.030 mg. COs and 4.270 mg. HO 


-19.59 ce. O.OL N sodium thiosulfate 
C’.H;.O;. Caleulated. 49.45, H 9.4, OCH, 31.06 
Found. 


Preparation of 1,2-Monoacetone 3,4-Dimethyl l-Rhamnitol 
To a solution of | gm. of 3,4-dimethyl /-rhamnitol in 100 ec. of 
acetone were added 0.1 ce. of concentrated sulfuric acid and 10 
gm. of anhydrous copper sulfate. ‘The mixture was shaken at 
room temperature during 24 hours and the product then isolated 
in the usual manner,‘ giving a colorless, mobile syrup in practically 
quantitative yield. The material was distilled under a high 
vacuum and boiled at 73° at 0.1 mm. (bath temperature, 79°). 
The colorless, mobile syrup had n% = 1.4454 and the following 
specific rotation. 


—0.18° XK 100 
= - = —§8.2° (in acetone) 
2X 1.096 


Its composition was as follows: 


3.954 mg. substance: 8.225 mg. CO, and 3.340 mg. H2O 


3.150 * -16.03 ec. 0.01 N sodium thiosulfate 
C',,H»O,. Caleulated. C 56.37, H 9.5, OCH; 26.50 


Preparation of 3,4,5-Trimethyl 1 ,2-Monoacetone l-Rhamnitol 
2gm. of | ,2-monoacetone 3 ,4-dimethyl l-rhamnitol were dissolved 
in 50 ec. of methyl iodide and treated with 25 gm. of silver oxide in 
the usual manner,® giving a practically quantitative yield of 
syrupy methylated product which was purified by distillation 
under a high vacuum. It boiled at 64° at 0.25 mm. (bath tem- 


‘ Levene, P. A., and Tipson, R.S., J. Biol. Chem., 106, 113 (1934). 
> Levene, P. A., and Tipson, R.S., J. Biol. Chem., 106, 419 (1934). 
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perature, 69°) and had n? = 1.4342 and the following composi- 
tion. 


3.392 mg. substance: 7.217 mg. COs and 2.975 mg. H.O 


-30.96 cc. 0.01 N sodium thiosulfate 
Os. Calculated. 58.02, H OCH, 37.50) 


Its specific rotation was as follows: 


—0.16° 100 
= —6.6° (in acetone) 
aM 


= 

Preparation of 3,4,5-Trimethyl l-Rhamnitol. 2 gm. of tri- 
methyl monoacetone rhamnitol were dissolved in 50 ec. of 0.2 N 
aqueous sulfuric acid and the solution boiled under a reflux con- 
denser during 60 minutes. 

The solution was then cooled, barium carbonate was added until 
neutral, the mixture filtered, and the filtrate evaporated to 
dryness under diminished pressure. The product was dissolved 
in chloroform, the solution dried with anhydrous sodium sulfate, 
filtered, and the filtrate evaporated to dryness, giving a practically 
quantitative yield of a colorless syrup which was purified by 
distillation under a high vacuum. It boiled at 99-100° at 0.1 
mm. (bath temperature, 113-114°) and had n2 = 1.4534 and 
the following composition. 


3.963 mg. substance: 7.565 mg. CO, and 3.390 mg. HO 


3.626 -31.78 ec. O.OL N sodium thiosulfate 
Calculated. 6. 51.SS, H 9.7, OCH, 44.7] 
Found. 


Its specific rotation was as follows: 


= = —14.8° (in absolute methanol) 
2X 1.850 

Preparation of 2-Benzoyl 3,4,5-Trimethyl l-Rhamnitol— 3 gm. 
of 3,4,5-trimethyl /-rhamnitol dissolved in 40 ec. of dry pyridine 
were treated with 4.25 gm. of triphenylmethyl chloride in the 
usual manner.® Then 2.5 ec. of benzoyl chloride were added and 
the solution kept overnight at room temperature. 

2 cc. of water were now added and, after standing at room 


* Tipson, R.S., and Levene, P. A., J. Biol. Chem., 129, 575 (1939). 
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temperature durmg 380 minutes, the product was tsolated in the 
usual way,® giving about 9.5 gm. of a pale yellow gum. 

This 1-trity] 2-benzoyl derivative was dissolved in 160 ce. of 
warm glacial acetic acid, 40 ec. of distilled water were added, and 
the solution was boiled under a reflux condenser during 30 minutes. 
The product was freed from tritanol as previously described,‘ 
giving 4 gm. of a yellow syrup which was separated into two 
fractions by distillation under a high vacuum. 

The first fraction (2 gm.) boiled at 140° at 0.1 mm. (bath 
temperature, 160°) and had n2 = 1.5005. Its composition, 
which agreed with that of a monobenzoyl trimethyl monodesoxy- 
hexitol, was as follows: 


4.804 mg. substance: 10.900 mg. CO, and 3.315 mg. H.O 


:20.56 ec. 0.01 N sodium thiosulfate 
CisHaOs. Caleulated. C 61.50, H 7.75, OCH, 29.81 


Its specifie rotation was as follows: 


—0.40° & 100 


2% 1.299 ~-16.4° (in acetone) 


= 

The second fraction (2.04 gm.) boiled at 145-170° at 0.1 mm. 

(bath temperature, 170-200°) and had n” = 1.5145. Its com- 

position, which indicated that it contained about 50 per cent of 
the dibenzoyl derivative, was as follows: 


3.784 mg. substance: 8.905 mg. COs and 2.540 mg. H.O 


:20.67 ce. N sodium thiosulfate 
(‘.:11..0;. Caleulated. C 66.31, H 6.8, OCH, 22.36 


Its specifie rotation was as follows: 


—0.57° X 100 
2X 1.391 


[a]p = = —20.5° (in acetone) 


Preparation of 1,3,4,5-Tetramethyl 2-Benzoyl l-Rhamnitol—2 
gm. of 2-benzoyl 3,4,5-trimethyl (/-rhamnitol were methylated 
with Purdie’s reagents, in the usual way, and the product distilled 
under a high vacuum. It boiled at 130° at 0.1 mm. (bath tem- 
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perature, 140°) and had n “= 1.4890 and the following specific 
rotation. 


—0.24° & 100 
= —9.1° (in acetone) 
2 X 1.314 


= 


Its composition was as follows: 


4.370 mg. substance: 10.000 mg. CO, and 3.100 mg. H.O 


23.70 ec. 0.01 N sodium thiosulfate 
Caleulated. C 62.54, H 8.0, 38.04 
Found. 


Preparation of 1,3,4,5-Tetramethyl l-Rhamnitol—1) gm. of 
2-benzoyl tetramethyl rhamnitol was dissolved in 20 ec. of ab- 
saute ethanol, 20 cc. of 0.4 N aqueous barium hydroxide solution 
were added, and the solution was boiled during 60 minutes, in a 
bath at 85°, under a reflux condenser closed by a soda lime tube. 

The solution was now cooled and the product isolated as 
previously described,® giving a practically quantitative yield of a 
colorless syrup, which was purified by distillation under a high 
vacuum. The substance boiled at 87° at 0.25 mm. (bath tem- 
perature, 97°) and was collected as a colorless, mobile syrup having 
n> = 1.4426. The material had the following composition. 


4.524 mg. substance: 8.985 mg. COs and 4.050 mg. H2O 
:33.54 ec. 0.01 N sodium thiosulfate 
pH Calculated. C 54.12, H 10.0, OCH; 55.86 


Its specific rotation was as follows: 


—0.20° & 100 
= —8.1° (in absolute ethanol) 
2 X 1.231 


= 
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THE EFFECT OF CYSTEINE ON GONADOTROPIC 
HORMONES* 


By HEINZ FRAENKEL-CONRAT, MIRIAM E. SIMPSON, 
HERBERT M. EVANS 
(From the Institute of Experimental Biology, University of California, 
Berkeley) 


(Received for publication, July 14, 1939) 


In the investigation of biologically active substances, major 
interest attaches to the relation between chemical structure and 
specific biological activity. One of the best approaches to this 
problem is given by the study of the effect on biological properties 
of slight but chemically well defined changes in the molecule. 
Few methods are available for achieving this in proteins, but 
fortunately a highly selective effect is caused by the action of 
cysteine. Most investigators who have studied the reaction of 
this amino acid with proteins have agreed that it has only one 
effect: when employed in excess at an alkaline pH it reduces the 
cystine —-S-——-S-- cross-links in the protein (1-3); the thiol (—-SH) 
form of the protein results and a corresponding amount of the 
cysteine is oxidized to cystine. Papain, urease, and other hy- 
drolytic enzymes have been shown to be activated by cysteine 
and are, therefore, believed to have reducible —-S—-S—— bonds (4). 
On the other hand, two highly potent proteins, insulin (2-5) and 
crotoxin (6), are completely inactivated by this treatment; these 
are apparently only active when the original —S--S— bridges are 
iitact. The instability of these substances to weak alkali has 
also been attributed to the lability of —-S--S—— bonds, in this case 


* Aided by grants from the Research Board of the University of Califor- 
nia, from the Rockefeller Foundation, and from Parke, Davis and Company. 
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gonadin by the Cutter Laboratories, antuitrin-S by Parke, Davis and Com- 
pany, prospermin, follutein, and gamone by E. R. Squibb and Sons, and 
gonadogen by The Upjohn Company. 
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toward alkaline hydrolysis (7). For three other active proteins 
with presumably smaller molecular weights, pitocin, pitressin 
(8), and cobra neurotoxin (9), the presence of —-S—S— bonds 
has also been demonstrated; the substances last mentioned, how- 
ever, when reduced by cysteine, remain biologically active and 
it is therefore evident that the oxidation-reduction state of the 
sulfur in proteins may or may not have an effect on their bio- 
logical activity. 

A study of the effect of cysteine on the anterior pituitary and 
related hormones is indicated, for, through it, marked chemical 
differences in these hormones may be detected. It has, in fact, 
already been shown that the growth hormone can be thus freed 
of several other biologically active contaminants (10), whereas the 
effect of cysteine on lactogenic hormone will be described shortly 
elsewhere. 

The effect of cysteine on gonadotropic hormones either from 
the pituitary or from other sources has now been investigated. 
Cysteine was permitted to act on the hormone solutions at pH 7.7 
for 2 days at 23°, the ratio of cysteine to protein being 40:1. 
To ascertain that the observed effects were due to the reducing 
action of the cysteine and not to the slightly alkaline pH, control 
solutions of these preparations were kept at the same pH and 
temperature for the same length of time. In many cases it proved 
necessary to add a preservative. 


EXPERIMENTAL 


Hormone Preparations The unfractionated gonadotropic prepa- 
rations were obtained by some modification of methods already 
published by Jensen et al. (11) and more particularly as follows: 
40 per cent alcohol extract of acetone-dried sheep pituitaries was 
precipitated with alcohol and dried. The powder was extracted 
with water and the hormones precipitated from this solution by 
addition of an equal volume of acetone and acetic acid to pH 4.4. 
From the precipitate all gonadotropic activity was extracted with 
1 per cent sodium chloride. The minimal effective dose for 
follicular stimulation in normal rats for this type of extract 1s 
0.1 to 0.15 mg., for antagonism 0.01 mg., and for repair of the 
ovarian interstitial tissue in hypophysectomized rats about 0.05 
mg. The minimal effective doses for follicular stimulation in 
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hypophysectomized rats and for 100 per cent augmentation when 
combined with prolan in normal rats are, for this type of prepara- 
tion, about the same as for follicular stimulation in normal rats; 
e.g., O.1 meg. 

Follicle-stimulating hormone preparations which have been used 
in this investigation were obtained by the following procedure. 
The unfractionated extract mentioned above was fractionated 
with ammonium sulfate; the fraction which precipitates between 
0.5 and 0.67 saturation was reprecipitated three times and di- 
alyzed. From this solution follicle-stimulating hormone with 
increased potency can be obtained by precipitation at pH 4.1 with 
an equal volume of acetone. After the precipitate is redissolved 
in water, It can be further purified by bringing the aqueous solu- 
tion again to pH 4.1 and discarding the precipitate. By repeating 
this procedure, follicle-stimulating fractions can be regularly ob- 
tained which show a minimal effective dose for follicular 
stimulation of 0.02 to 0.025 mg. in normal and 0.008 mg. in hy- 
pophysectomized rats; this same level gives 100 per cent augmenta- 
tion When combined with prolan in normal rats; the minimal 
effective dose for antagonism in normal ratsis 0.015 mg. ; interstitial 
tissue repair in hypophysectomized rats becomes evident only 
when about 20 to 50 units are injected intraperitoneally. 

Interstitial cell-stimulating hormone preparations were kindly 
supplied by Dr. C. H. Li of this department. The minimal 
effective dose for antagonism and for repair of the interstitial 
tissue of the hypophysectomized rat was 0.01 mg. 

Cysteine Treatment— All preparations were used in aqueous 
solution in phosphate buffer at pH 7.7.! As controls, samples 
were kept in this solvent for 2 days at room temperature without 
addition of cysteine. It was observed that some of the prepara- 
tions showed varying degrees of inactivation under these con- 
ditions (follicle-stimulating hormone from pituitary, all prepara- 
tions from pregnancy urine, and gonadogen), while others did not 
(unfractionated pituitary preparations, interstitial cell-stimu- 
lating hormone, and gonadin). This inactivation could be com- 


1 Jt may be remarked in passing that the inactivation of follicle-stimu- 
lating hormone from pituitary by cysteine proceeds equally well when 40 
per cent urea buffered to pH 7.7 is used as a solvent. No inactivation is 
caused by the urea solution alone. 
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pletely prevented by the addition of preservatives to the solutions 
(thymol, 2 per cent butanol). Cysteine neutralized with sodium 
carbonate was employed at 40 times the amount of protein. 
The solutions were kept in tightly stoppered flasks with little 
air space; autoxidation to eystine was neghgible under these 
conditions and no special precautions for the exclusion of oxygen 
had to be taken. After 2 days treatment, the solutions were, in a 
few cases, dialyzed to remove the cysteine but no difference was 
found when non-dialyzed solutions were injected. Preparations 
which were inactivated by cysteine were similarly inactivated in 
the presence of preservatives. Preparations which were not. in- 
activated by the chemical action of cysteine did not deteriorate 
through bacterial growth and hence it was unnecessary to add a 
preservative to these solutions. A curious and unexplained ob- 
servation was made in this connection: thymol was found to 
protect antuitrin-S and follutein against bacterial growth; cysteine 
had the same effect; when both were combined, however, nactiva- 
tion occurred, so that it seems likely that thymol reacted with 
the cysteine. When 2 per cent butanol was used instead of 
thymol, no inactivation of these preparations was observed with 
or without cysteine. 

Biological Standardizations Methods were essentially the same 
as have been previously reported (12). In tests for follicle- 
stimulating hormone the solutions were injected subcutaneously ; for 
interstitial cell stimulation or antagonism, the injections were 
intraperitoneal. The dose which gave follicular and uterine de- 
velopment in two out of three normal, immature rats was taken as 
the minimal effective dose for follicle-stimulating hormone. <A 
one-fourth reduction in the ovarian weights, which was produced 
by a standard amount of pregnant mare serum, was regarded 
as the minimal effective dose for antagonism when the solution 
to be tested for antagonizing power was injected simultaneously 
with the pregnant mare serum. The principle from pregnancy 
urine was injected subcutaneously; that from pregnant mare serum 
intraperitoneally. 


Results 


As Tables I and II show, all pituitary gonadotropic substances, 
unfractionated, follicle-stimulating, and interstitial cell-stimu- 
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lating preparations were so completely inactivated that the 
minimal effective dose of the folliecle-stimulating hormone, for 
instance, was now 40 times and for interstitial cell-stimulating 
hormone over 100 times its original level. Gonadotropic fractions 
from normal male and female menopause urine (prospermin and 
gamone) were reduced to less than 10 per cent of their original 


TABLE | 
Inactivation of Pituitary Gonadotropic Hormones by Cysteine 
The figures represent the minimal effective dose, in mg.; f.s.h. and 
i.c.s.h. refer to the follicle-stimulating and the interstitial cell-stimulating 
hormones respectively. 


Before cysteine treatment*® After cysteine treatment 


(;onadotropic Hy 
é vy pophysectomized | Hypophysec- 
Normal rat: Norm ts 
Normal rats Normal rats 
ion 


onism onism 
Unfraection- 0.15 >0.3 
ated (O.1) (0.015) (<0.1) (>5.0 |>2.5 
(0.15) (0.01) >5.0 ().25 
Follicle-stim- O.O75t 2.5 0.75 
ulating (0.075) (0.02) 
>2.57 
Interstitial >2.0 
eell-stimu- 0] 0.0] >1.0 >2.5 
lating | 
Prospermin 0.2 >2.0 | 
Gamone >2.5 | 


* All values except those in parentheses are for “control solutions,’’ kept 
for the same length of time at the same pH and temperature as those treated 
with cysteine. 

t To these solutions 2 per cent butanol was added, which prevented loss 
of activity in the controls. 


potency by this treatment. On the other hand, cysteine did not 
inactivate gonadotropic preparations from pregnant mare serum 
(gonadin, gonadogen) or from human pregnancy urine (antu- 
itrin-S, follutein’). 

These results show that a striking difference exists between the 
hormones isolated from the pituitary or from the urine of normal 


> Follutein showed a slight decrease in potency on cysteine treatment. 
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men and women, on the one hand, and the hormones found in 
pregnancy whether in the urine of women or blood stream of mares, 
on the other hand. The conclusion must be drawn that disulfide 
bonds are present in the gonadotropic hormones of pituitary origin 
and that these bonds are essential for the activity of the hor- 
mones, while the gonadotropic hormones of placental origin either 


TABLE II 
Resistance of Gonadotropic Hormones of Pregnancy Urine and Pregnant 
Mare Serum against Cysteine 
The figures represent the minimal effective dose, in mg. 
Control, pH 7.7, 2 days, 23° (‘ysteine-treated 


Pregnancy 
For inter- 


urine . For inter- | 
For stitial tissue For stitial tissue 
Antuitrin-S 0.008 (Thymol) 0.010 
(0.008) < <0.025 (Butanol) 
<0.025 (Butanol) 
Follutein 0.075 0.05 
(0.015) 0.05 (Butanol) 
0.025 (Thymol) 
0.015 (Butanol) 
Prolant (0.05) (0.05) 
>0.25 
Pregnant 
mare serum 
Gonadin 0.02 0.025 
(0.01) 
Gonadogen. (0 .025* ) (< <0.01) 0.0257 < <0.025 
>0.2 


The values in parentheses are for fresh solutions, not kept for 2 days at 
pH 7.7. When preservatives were used, these are indicated. 

* Hypophysectomized rats. 

t Prepared by Dr. H. Jensen in this departnient. 


contain no such bonds or are equally potent inthe thiolform.? The 
inactivation of prospermin and gamone by cysteine places these 
preparations in the “pituitary” group of gonadotropic substances 

* The former is the more likely assumption in view of K. Meyer's state- 
ments that prolan is free from sulfur and pregnant mare serum free from 


eysteine (13). 
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and it is indeed difficult to conceive a source of origin for them 
other than the pituitary. The biological properties of pregnant 
mare serum resemble both those of pregnancy urme and of pitui- 
tary gonadotropic hormones; the resistance of the principle from 
pregnant mare serum to cysteine, however, would indicate that it, 
like the principle from pregnancy urine, is secreted by the placenta. 

The marked difference in the effect of cysteine on placental and 
pituitary gonadotropic principles seems to us evidence of a funda- 
mental difference in the chemical structure of these two groups 
of hormones. 


SUMMARY 


It has been possible to demonstrate a marked difference in the 
effect of cysteine on hypophyseal as contrasted with placental, 
gonadotropic hormones. Hypophyseal gonadotropic hormones 
as well as those found in the urine of normal men and women are 
completely inactivated by this reagent, whereas neither the prin- 
ciple from human pregnancy urine nor that found in the blood 
stream of pregnant mares shows loss of potency under the same 
eonditions. 
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PROPERTIES AND HYDROLYTIC PRODUCTS OF NUCLEIC 
ACID FROM TOBACCO MOSAIC VIRUS 


By HUBERT LORING 


(From the Department of Animal and Plant Pathology of The Rockefeller 
Institute for Medical Research, Princeton) 


(Received for publication, June 29, 1939) 


The presence of a nucleic acid in purified tobacco mosaic virus 
was first recognized by Pirie and its isolation was reported by 
Stanley (1) and by Bawden and Pirie (2). The material in these 
reports was recognized as nucleic acid because of its high phos- 
phorus and carbohydrate content and because it was insoluble in 
dilute mineral acid. In the present paper relatively pure, protein- 
free virus nucleic acid was prepared, its general properties were 
studied, and some of its hydrolytic products were isolated and 
identified. The results obtained prove its structure to be that of 
a nucleic acid and indicate that, although obtained from a plant 
source, it is different, nevertheless, from yeast nucleic acid. 

Preparation of Protein-Free Nucleic Acid. By Treatment with 
5 Per Cent NaOH —When a solution of tobacco mosaic virus 
purified by fractionation with ammonium sulfate (3) or by ultra- 
centrifugation (4) was treated with 5 per cent sodium hydroxide 
at 0°, nucleic acid was split off and was obtained free from pro- 
tein by the method of preparation described by Johnson and 
Harkins for yeast nucleic acid (5). The protein component of the 
virus was denatured and precipitated when the alkaline solution 
was neutralized with acetic acid. The nucleic acid remained in 
solution and was precipitated at pH 2 to 3 by the addition of an 
equal volume of alcohol. The precipitated, denatured virus pro- 
tein redissolved in water made slightly alkaline to litmus after 
being washed three or four times in the centrifuge, but was still 
insoluble in dilute salt solutions. According to the method of 
Johnson and Harkins, the yeast nucleoproteins were treated for 
2 hours with 5 per cent sodium hydroxide. Such a long period of 


251 


| 
| 
} 
| 
| 
| 


252 Nueleie Acid of Tobaeco Mosaic Virus 


treatment was found to be unnecessary In the case of the virus. 
On a dry weight basis, from 68 to 78 per cent of the total phos- 
phorus present in ultracentrifuged preparations of virus was 
isolated as nucleic acid when the alkaline solution was neutralized 
immediately after sodium hydroxide had been added to the virus 
solution. This yield was increased to 90 per cent or about 5.2 
per cent of the original virus by allowing the latter to stand in 
contact with alkali for 2 hours. 

By Treatment with Glacial Acetic Acid~-Bawden and _ Pirie 
showed that when a purified virus solution was treated with 3 to 
4 volumes of glacial acetic acid, a precipitate which contained 
most of the phosphorus and carbohydrate, together with some 
protein, separated (2). In quantitative experiments in which 
this procedure was applied, it was found that the precipitate 
amounted to about 12 per cent of the orginal virus. The pre- 
cipitate gave a strong test for arginine with the Sakaguchi rea- 
gent, but could be made protein-free by the method of Levene 
for the purification of yeast nucleic acid ((6) p. 301). The yield 
of protein-free nucleic acid by this procedure was about 2.5 per 
cent. 

Analysis and General Properties—-Analyses of different samples 
of purified nucleic acid from tobacco mosaic virus for C, H, N, P, 
purine N, and carbohydrate showed appreciable variation in 
chemical composition. The range of values for dried samples 
prepared by the methods described was C 32.2 to 33.8, H 4.08 
to 4.29, N 14.8 to 15.5, P 8.79 to 9.48, purine nitrogen 8.4 to 8.6, 
and carbohydrate 31 per cent. Purine nitrogen was determined 
by the method of Graff and Maculla (7) and carbohydrate with 
orecinol and sulfuric acid (8). The analyses, in general, are com- 
parable to those obtained for yeast and triticonucleic acids (9, 10). 
The values for purine are lower than those found by Graff and 
Maculla for yeast nucleic acid and are lower also than those 
reported by Levene and Jorpes (11) for the ribonucleic acid of 
the pancreas. The amount of carbohydrate found by the or- 
cinol method is less than the caleulated value assuming 1 mole- 
cule of pentose for each molecule of phosphorus, but this is in 
agreement with the observation that pyrimidine nucleotides give 
only a faint test with orcinol ((6) p. 203). A sample of yeast 
nucleic acid purified by Levene’s method gave a similar carbo- 
hydrate value of 33 per cent. The ratio of carbohydrate to 
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phosphorus found for the virus nucleic acid was about the same as 
that found for the virus itself. It should be noted that all samples 
of nucleic acid isolated have been amorphous. 

The purified virus nucleic acid showed the same solubility and 
general properties as yeast nucleie acid. It was soluble at a 
neutral reaction and was precipitated by 5 to 10 volumes of glacial 
acetic acid. It was hydrolyzed by boiling 0.5 N sodium hydrox- 
ide, by 1 N sodium hydroxide at room temperature, or by 1 N 
hydrochloric acid at 60-70°. It gave a purple color with orcinol 
and hydrochloric acid, identical in appearance with that given by 
yeast nucleic acid, and a greenish blue color with Bial’s reagent. 
Like the virus itself, it failed to react with Schiff’s reagent for 
desoxypentose (12) or with diphenylamine in acetic acid (13), 
which indicates that nucleic acid of the desoxypentose type was 
not present. Like yeast nucleic acid, it was hydrolyzed by the 
nuclease present in commercial pancreatin, but the products 
were not precipitated by 5 to 10 volumes of glacial acetic acid 
(14, 15). | 

Tsolation of Guanine and Adenine—The purine N analyses pre- 
sented above indicated that purines were present in approximately 
the amount found in yeast nucleic acid. It was of interest to 
determine whether these were guanine and adenine. About 850 
mg. of air-dried virus nucleic acid were hydrolyzed with 10 per cent 
sulfuric acid and examined for guanine according to the procedure 
described by Jones (16) and for adenine by the procedure deseribed 
by Calvery (17). <A erystalline hydrochloride and picrate with 
the characteristic appearance and qualitative solubility of guanine 
hydrochloride and adenine picrate, respectively, were isolated in 
vields, calculated as free guanine and adenine, of 5.9 and 5.7 per 
eent, respectively. The analyses of the recrystallized hydro- 
ehlonide which, like guanine hydrochloride, contained 2 molecules 
of water of crystallization were C 27.3 per cent, and H 4.47 per 
eent, as compared with theoretical values of 26.8 and 4.51 per 
cent. The recrystallized picrate lost 4.71 per cent moisture, 
equivalent to 1 molecule of water of crystallization, when dried 
at 100°, and the dried product contained 30.84 per cent nitrogen 
as compared with a theoretical value of 30.77 per cent for adenine 
picrate. The dried compound melted with decomposition at 
285. 290° (corrected). 

Isolation of Cytosine—1 gm. of the air-dried virus nucleic acid 
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was refluxed with 25 per cent sulfuric acid at 150-160° for 3 hours. 
The sulfuric acid was removed with barium hydroxide and _ picric 
acid was added to the remaining solution. 190 mg. of crude pic- 
rate, equal to 72 per cent of the theoretical amount of cytosine 
calculated for yeast nucleic acid, were isolated. The twice crys- 
tallized product darkened at about 287° (corrected) and decom- 
posed with evolution of gas at about 294° (corrected). Analysis 
of the air-dried material for C, H, and N gave 35.0 per cent ©, 
2.55 per cent H, and 29.2 per cent N, as compared with values 
of 35.3 per cent C, 2.37 per cent H, and 24.7 per cent N for cyto- 
sine picrate, and values of 34.6 per cent C, 2.1 per cent H, and 
29.3 per cent N for adenine picrate, with 1 molecule of water of 
crystallization. An equal mixture with the adenine picrate iso- 
lated as described in the preceding paragraph darkened at 285° 
and decomposed at 290°, about the same temperature at which 
adenine picrate itself decomposes. It appeared likely, therefore, 
that the picrate isolated was a slightly impure sample of adenine 
picrate. The mother liquors were combined, treated with norit, 
and concentrated. A product consisting of rosettes of blunt 
prisms separated. After recrystallization, they melted with 
decomposition at 270-271° (corrected), and after two additional 
recrystallizations gave a slightly higher value of 272 273° (cor- 
rected). The yield of the product crystallized four times was 
21 mg. ‘This compound contained no water of crystallization and 
gave values of 24.96 and 24.64 per cent nitrogen, in agreement with 
the theoretical value for cytosine picrate. Pure cytosine picrate 
isolated from natural sources has been reported to melt at 270 
275° (18, 19). The properties of this compound were, therefore, 
in agreement with those reported for cytosine picrate. The 
remaining mother liquor, when freed of picric acid, failed to give 
a crystalline product. It was tested for pyrimidine with bromine 
and barium hydroxide by the method of Wheeler and Johnson 
(20) and yielded the typical purple precipitate of the barium salt 
of dialurie acid, indicative of the presence of uracil. 

In addition to the above experiment, an attempt was made to 
isolate the pyrimidines from 95 gm. of virus that had been hy- 
drolyzed with 20 per cent hydrochloric acid for 24 hours. The 
amino acid fraction, precipitated by silver in slightly alkaline 
solution, would be expected to contain any pyrimidines which 
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might be present. ‘This fraction, which was kindly provided by 
Dr. A. Frank Ross, contained 421 mg. of nitrogen after the basic — 
amino acids had been removed. It gave a picrate which, after 
three recrystallizations, weighed about 300 mg. This material 
decomposed over a wide range and was evidently quite impure. 
It was converted to the corresponding picrolonate, which erys- 
tallized from aleohol as flat prisms or plates melting with deecom- 
position at 276 (corrected). Reerystallization from aleohol 
did not change the melting point. ‘Two analyses by the micro- 
Dumas method gave 24.64 and 24.66 per cent nitrogen. Cyto- 
sine picrolonate decomposes at about 275° but contains 26.75 
per cent nitrogen, 

Isolation of Brucine Salt of Uridylic Acid -4 gm. of air-dried 
virus nucleic acid were hydrolyzed at room temperature with | 
N NaOH and the hydrolysate was examined for nucleotides by 
the method of Steudel and Peiser (21). A sodium salt with the 
characteristic insolubility in 20 per cent sodium acetate of sodium 
guanylate was obtained but failed to crystallize. The remaining 
nucleotides were precipitated with lead and converted to the cor- 
responding brucine salts according to the usual procedures. The 
brucine salts were recrystallized ten times and portions from the 
fifth, seventh, eighth, and tenth recrystallizations analyzed for 
nitrogen by the micro-Dumas method after they had stood for 
several days at room temperature. ‘The values were 7.2 per cent 
for the fifth, 6.9 per cent for the seventh, 6.69 per cent and 6.86 
per cent for the eighth, and 6.62 per cent for the tenth reerystal- 
lization. ‘That from the eighth reerystallization contained 2.4 
per cent phosphorus as compared with a value of 2.5 per cent for 
the brucine salt of yeast urdylic acid. When the brucine salts 
of the nucleotides from yeast nucleic acid are recrystallized, the 
nitrogen content decreases from about 10 per cent until the seventh 
or eighth reerystallization, when it remains constant at 6.79 
per cent, the value for the brucine salt of uridylie acid. The 
above mixture of brucine salts, therefore, behaved in an entirely 
analogous fashion to those from yeast nucleic acid. The yield 
after eight crystallizations was approximately 160 mg. The 
sample crystallized eight times softened at 179° and melted at 
182° (corrected). A mixed melting point with a sample of brucine 
salt of yeast uridylic acid, that had been crystallized nine times 
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and gave the theoretical N and P analyses, softened and melted 
at about the same temperatures. An 0.08 per cent solution of the 
brucine salt from the virus nucleic acid in water gave [a];’ = +46°, 
as compared with [a];’ = +88° for the sample of brucine salt of 
yeast uridylic acid recrystallized nine times. The optical rotation, 
however, varied greatly with concentration. In a 0.4 per cent 
solution at the same temperature, the specific rotation was — 10°. 
The brucine salt of yeast uridylic acid failed to dissolve completely 
at this concentration. In a 0.4 per cent solution, the latter has 
been reported by Levene as [a]*? = — 20° (22). 

Solubility Experiments--Because of the relatively small amount 
of brucine salt isolated and the high solubility of free uridylic 


TABLE [| 


Solubility Experiments on Brucine Salts of Yeast and Virus Uridylie Acids 
Solubility * 


mg. P per ce. 


Yeast uridylic acid salt 
15 mg. (9 & recrystallized) + 20 ce. water at 25° 
Virus uridylic acid salt 
15 mg. (8 X reerystallized) + 20 cc. water at 25° 


0.0098 + 0.0001 
0.0107 + 0.0001 


0.0138 + 0.0001 


Saturated solution of veast salt added to 15 mg. veast salt 0.0102 + 0.0003 

Solubility if additive | 0.028 


* Average values of two to five experiments. 


acid, no attempt was made to convert the brucine salt to the free 
acid. Quantitative solubility experiments were performed, how- 


ever, to determine whether or not the brucine salt isolated from. 


the virus nucleic acid was identical with that of uridylie acid. 
Such experiments could be carried out readily, because the brucine 
salt of yeast uridylic acid was relatively insoluble in water and the 
concentration of dilute solutions could be determined easily from 
colorimetric phosphorus analyses. 

The results of the solubility experiments with the two brucine 
salts are shown in Table I. Preliminary experiments showed 
that the solutions reached equilibrium after they had been stirred 
for 2 to 4 hours in a water bath at 25° and this procedure was used 
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in all the experiments reported. The solutions after equilibration 
were filtered with suction on sintered glass filters of porosity No. 
G4, and the filtrate was analyzed for total phosphorus by the 
method of King (28). To determine the purity of the sample of 
yeast uridylic acid salt, its solubility was determined both in the 
presence of a small and large excess of solid phase. The results 
showed only a slight increase in the amount of dissolved phos- 
phorus with over a 10-fold increase in the amount of solid phase. 
If this increase is assumed to represent the brucine salt of a nucleo- 
tide impurity of about the same phosphorus content as the brucine 
salt of uridylic acid, the amount present would be of the order of 
0.5 per cent. Sufficient virus uridylie acid salt was not available 
for a similar experiment. ‘The sample recrystallized ten times, 
however, gave the same solubility as that recrystallized eight 
times, indicating that this material was also relatively pure. The 
difference in solubilities obtained under the same conditions indi- 
cated that these compounds were different. As a more crucial 
test of this conclusion, a saturated solution of yeast salt was used 
to extract virus salt and vice versa. If the two compounds were 
identical, there would be no change in the amount of dissolved 
substance, whereas if they were different, an increase in the amount 
of dissolved substance should result in each case. When a satu- 
rated solution of yeast salt was used to extract 15 mg. of virus 
salt, the solubility increased from 0.0098 mg. of P per ec. to 0.016 
mg. of P per ce., and when yeast salt was extracted with a satu- 
rated solution of virus salt, the amount of dissolved phosphorus 
increased from 0.0136 to 0.020 mg. per ce. In the case of highly 
dissimilar compounds, the solubilities might be expected to be 
additive when determined under these conditions. In the case 
of two brucine salts, each might be expected to depress shghtly 
the solubility of {he other. Although conclusive proof must await 
the isolation of the free uridylie acids, these results offer evidence 
that the brucine salt obtained from the virus nucleic acid was 
different from the salt of yeast uridylic acid. Since the two com- 
pounds have the same nitrogen and phosphorus content, it is 
possible they may be isomeric. 


SUMMARY 


About 90 per cent of the phosphorus in purified tobacco mosaic 
Virus was isolated as nucleic acid, indicating that probably all of 
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the virus phosphorus is combined in this way. The general 
properties and chemical analyses of the virus nucleic acid are 
comparable to those of other ribonucleic acids. The purines, 
guanine and adenine, the pyrimidine, cytosine, and the brucine 
salt of a compound having the nitrogen and phosphorus content 
of the brucine salt of yeast uridylic acid were isolated from its 
hydrolytic products. The optical activity and solubility of this 
brucine salt in comparison with the brucine salt of yeast uridylic 
acid, however, indicated that the two were isomeric rather than 
identical. The experiments provide evidence, therefore, for the 
presence of a new pyrimidine nucleotide in a pentose nucleic acid. 
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ULTRAVIOLET ABSORPTION SPECTRA OF LATENT 
MOSAIC AND RING SPOT VIRUSES AND OF THEIR 
NUCLEIC ACID AND PROTEIN COMPONENTS 


By G. I. LAVIN, HUBERT S. LORING, anno W. M. STANLEY 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York, and the Department of Animal and Plant Pathology, The 
Rockefeller Institute for Medical Research, Princeton) 


(Received for publication, June 29, 1939) 


Recent studies of the ultraviolet absorption spectra of several 
purified plant viruses showed absorption maxima at about 2650 
A. (1-4). An absorption maximum in this region of the spectrum 
is characteristic of the purine and pyrimidine components of 
nucleic acid (5) (maximum at 2600 A.) and indicates that these 
viruses contain nucleic acid. Such a conclusion has been verified 
in the cases of tobacco mosaic and tobacco ring spot viruses by the 
preparation of the nucleic acids free from protein (6, 7) and by 
the isolation and identification of some of the hydrolytie products 
of the nucleic acid from tobacco mosaic virus (6). It was also 
found that the protein component which was insoluble when 
separated from nucleic acid redissolved if washed with water 
and was practically free of phosphorus. There are presented in 
this paper the results of a study of the ultraviolet absorption 
spectra of latent mosaic and tobacco ring spot viruses, of the nu- 
cleic acid and protein components of these viruses and of tobacco 
mosaic virus, of mixtures of the respective components approxi- 
mating the original viruses in composition, and of tobacco mosaic 
virus after inactivation with formaldehyde, hydrogen peroxide, 
and nitrous acid. 


Experimental Methods and Source of Material 


The spectroscopic technique employed was that described in a 
previous paper (1). The samples of purified viruses were pre- 
pared by high speed centrifugation (7-10) and consisted of solu- 
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method for 


tions in water or 0.01 mM phosphate buffer. The 
separating the nucleic acid and protein components of the viruses 
involved treatment with sodium hydroxide as used by Johnson 
and Harkins (11) for the preparation of yeast nucleic acid. The 
denatured proteins which separated were redissolved by being 
washed in the centrifuge three or four times with water made 
slightly alkaline to litmus with sodium hydroxide. In the case 
of tobacco mosaic virus, ‘nucleic acid and protein were almost 
quantitatively separated by treatment with 5 per cent sodium 
hydroxide at 0° for half a minute. In the case of latent mosaic 
virus, it was necessary to let the solution stand for 2 to 3 hours 
at O° in order to avoid the precipitation of protein fractions con- 
taining appreciable amounts of phosphorus. It seems likely that 
in this instance the linkage between nucleic acid and protein is less 
readily split than in the case of tobacco mosaic virus. Weighed 
amounts of the dried nucleic acids were dissolved in dilute sodium 
hydroxide to give solutions at approximately pH 7. For spec- 
trographic examination the dilutions were made with water. The 
virus and protein concentrations were determined by Kjeldahl 
analysis. 
Results 


The absorption spectrum curves of latent mosaic and ring spot 
viruses, together with that previously published for tobacco 
mosaic virus and the curve recently obtained with ultracen- 
trifugally prepared tobacco mosaic virus, are shown in Fig. 1; 
the absorption coefficient, a, was calculated from the concentra- 
tion expressed as mg. per ml. The curves for latent mosaic and 
tobacco mosaic viruses show a maximum at about 2650 A. and 
that for ring spot virus at about 2600 A. The shapes of the curves 
and the relative positions of their maxima and minima are those 
to be expected as a result of the superimposition of the absorption 
due to a protein (maximum at about 2800 A.) on that of a nucleie 
acid (maximum at about 2600 A.). Of special interest are the 
high absorption shown by ring spot virus and the shift of absorp- 
tion maximum to 2600 A., which are in agreement with the 
unusually high nucleic acid content of about 40 per cent which 
has been found for this virus (7). The sample of tobaeco mosaic 
virus purified by ultracentrifugation showed appreciably less 
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absorption than that isolated by treatment with ammonium sul- 
fate (1). Similarly, latent mosaic virus, although having about 
the same nucleic acid content, showed more absorption than to- 
bacco mosaic virus isolated by ultracentrifugation. It is possible 
that these differences may be due to the presence of varying 
amounts of materials having a continuous absorption. 

The absorption spectrum curves of the nucleic acids obtained 
from tobacco mosaic, latent mosaic, and ring spot viruses are 


A(A) 

Kic. 1. Absorption spectrum curve of a, tobacco mosaic virus prepared 
by precipitation with (NH4).SO,; b, latent mosaic virus; c, tobacco ring 
spot virus (in this case aw has been divided by 10); d, tobacco mosaic virus. 
The preparations for Curves 6, c, and d were obtained by ultracentrifuga- 
tion. The absorption coefficient, @, was calculated from the concentra- 
tion expressed as mg. per ml. 


shown in Fig. 2. It may be seen that in all three cases the nucleic 
acids have absorption maxima at about 2600 A. and are compa- 
rable in this respect to pentose nucleic acids from yeast and pneu- 
mocoeei (12). The absolute differences in the height of the re- 
spective curves are probably not significant, as the samples were 
not all of the same degree of purity. 

The absorption spectrum curves for the protein components of 
the three viruses are given in Fig. 3 and show absorption maxima 
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2200 2490 2600 2800 3000 3200 3400 3500 


A(A) 
Ric. 2. Absorption spectrum curve of nucleic acid isolated from a, 
tobacco mosaic virus; 6, ring spot virus; and c, lutent mosaic virus. The 
absorption coefhicient was calculated from the concentration expressed 


as mg. per ml. 
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A(A) 
hie. 3. Absorption spectrum curve of the protein component of a, ring 
spot virus; 6, latent mosaic virus; and c, tobacco mosaic virus. The ab- 
sorption coefficient was calculated from the concentration expressed as 


mg. per ml. 
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at about 2800 A. The shapes of the curves are comparable and 
similar to those of other simple proteins which have been examined 
in this laboratory. There is much less difference between the 
values of the maximum and minimum in the case of the protein 
from ring spot virus. This suggests that the ratio of the aromatic 
amino acids to the other absorbing components in the ring spot 
virus is less than that in the other two viruses, since it is known 
that the presence of sueh aromatic amino acids as tryptophane 
and tyrosine gives rise to the absorption maxima in other proteins. 

When the nuclete acids and protein components were added 
together to give mixtures approximating In composition the origi- 


2200 2400 2600 2800 3009 


hig. 4. Absorption spectrum curve of a mixture of nucleie acid and pro- 
tein component of a, latent mosaic virus; 6, tobaceo mosaic virus; ¢, ring 
spot virus (in this case @ has been divided by 10). The absorption coeth- 
cient was calculated from the concentration expressed as mg. per mi. 


nal viruses, the shape of the curves and the relative positions of 
their maxima and minima, as shown in Fig. 4, were not greatly 
ehanged from those of the original viruses. However, the differ- 
ences in the values of the maxima and minima were greater in the 
eases of the mixtures, 

Photographs of the three viruses taken with the continuous light 
of the hydrogen discharge tube show that in some instances there 
is considerable structure to be seen in the broad band obtained 
with the photometer and line source. “These plates are shown in 
hig. 5. Sinee the bands are very diffuse and in some cases it is 
not possible to recognize all of the structure unless the original 
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plate is examined, the drawings shown in Fig. 6 have been made. 
Under the present conditions, exact positions of wave-length 
eannot be given; however, by the use of the hydrogen lines emitted 
by the discharge tube (region of 4800 to 4900 A.). a very slight 
shift in the position can be detected. As can be seen, there is a 
similarity in the band structure of latent mosaic virus dissolved 
in water and of indole-3-acetie acid dissolved in ether im the region 


Fic. 5. Photographs of absorption spectra. a, indole-3-acetie acid 
dissolved in ether; 6, latent mosaic virus; c, tobacco mosaic virus; d, in- 
dole-3-acetic acid dissolved in water; ¢, ring spot virus. 


: 


hic. 6. Drawings of absorption spectra. a, indole-3-acetic acid dis- 
solved in ether; 6, latent mosaic virus; ¢, tobacco mosaic virus; d, indole- 
3-acetic acid dissolved in water; ¢, ring spot virus. 


9700 to 2900 A. The structure obtained when indole-3-acetic 
acid is dissolved in water or in acetate buffer is of the same type 
as that found for tobacco mosaic virus. In the case of the viruses, 
there is a shift in the position of the bands toward the longer wave- 
lengths. The four bands from 2580 to 2690 A. appear to. be 
the same for tobacco mosaic and latent mosaic viruses, and seem 
to be identical with those given by phenylalanine in a mixture of 
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phenylalanine, tryptophane, and tyrosine. ‘These bands are not 
very distinet, because of the nucleic acid absorption, and in the 
case of latent mosaic, the band at 2530 A. is not shown. The 
ring spot virus (¢, Fig. 5) contains enough nucleie acid to give a 
broad band from 2500 to 2700 A., which makes it impossible to 
determine any structure which may be present in this region, 
There are, however, two rather weak bands at 2800 and 2900 A. 

Drawings of the absorption spectra of tobacco mosaic nucleic 
acid and of the protein components of the different viruses are 
shown in Fig. 7. The spectra of the other two nucleie acids were 
about the same as that shown for tobacco mosaic nucleic acid. 
The band structure of the protein component of latent mosaic 


A 2200. 28 34 36 38 4000 


: 


hig. 7. Drawings of absorption spectra. a, nucleie acid from tobacco 
mosaic virus; 6, protein component of latent mosaic virus; ¢, protein 
component of tobacco mosaic virus; ¢, protein component of ring spot 
virus. 


Virus is similar to that of the virus except that the narrow region 
of transmission near 2800 A. is absent. In the case of the protein 
component of tobacco mosaic virus the band near 2750 A. is 
absent. As would be expected because of the removal of nuelete 
acid, the bands between 2500 and 2700 A. are more distinet for 
the protein components than for the viruses. A striking differ- 
ence between the spectra of tobacco mosaic virus and its protein 
component is illustrated in Fig. 8, which shows photographs of the 
solutions in a quartz Baly cell taken at decreasing thicknesses. — In 
the case of the virus, there is little difference in contrast as the 
thickness is decreased, while for the protein a definite band of 


absorption soon appears. This is shown in the absorption curve 
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hic. &. Photographs of the absorption spectra of solutions at decreasing 


thicknesses. a, tobaceo mosaic virus; >, protein component of 


mosaic VITUs. 
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as a band with a maximum at 2800 A. in which there is consider- 
able difference between the values of the maximum and minimum. 

The spectra given by hydrogen peroxide- and formaldehyde- 
inactivated tobacco mosaic virus (13) were similar to that of the 
active virus, but in the case of the nitrous acid-inactivated material 
the spectrum was quite different. In both the active and hy- 
drogen peroxide- and formaldehyde-inactivated viruses the most 
intense band was at about 2900 A. The most intense band for 
the nitrous acid-inactivated virus was in the region of 2700 to 
2750 A. and the structure was different from that of the active 
virus protein. 


SUMMARY 


The ultraviolet absorption spectra of latent mosaic and ring spot 
viruses and of the nucleic acid and protein components of these 
viruses and of tobacco mosaic virus have been determined. The 
absorption maximum of latent mosaic virus, like that of tobacco 
mosaic virus, is at about 2650 A., while that of ring spot virus is at 
about 2600 A. Ring spot virus, however, absorbs much more 
strongly than any of the other viruses, a fact probably due to its 
unusually high nucleic acid content. The nucleic acids from the 
three viruses show absorption maxima at about 2600 A.. and are 
comparable in this respect to those from yeast and from pneu- 
mococci. The protein components are like other simple proteins 
in that they have absorption maxima at about 2800 A. When 
the respective nucleic acids and proteins are mixed, the absorption 
curves approached those for the original viruses, but in each case 
there were differences. 

The detailed band structures of the various preparations as 
obtained with a continuous light source are presented. The 
different viruses and their respective protein components have 
characteristic structures. The three nucleic acid components 
show only a broad band of absorption at about 2600 A. The 
spectrum of tobacco mosaic virus inactivated by formaldehyde 
or hydrogen peroxide is like that of active virus, whereas that of 
virus inactivated by nitrous acid has its most intense band in a 
different region of the spectrum. 
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MINERAL METABOLISM, GROWTH, AND SYMPTOMA- 
TOLOGY OF RATS ON A DIET EXTREMELY 
DEFICIENT IN PHOSPHORUS* 


By HARRY G. DAY anp FE. V. McCOLLUM 


(From the Department of Biochemistry, School of Hygiene and 
Public Health, the Johns Hopkins University, Baltimore) 


(Received for publication, July 1, 1939) 


Since the beginning of the modern era of nutrition it has been 
recognized that the physiological significance of indispensable 
nutrients cannot be adequately described until appropriate ob- 
servations have been made on suitable animals restricted to diets 
extremely deficient in each, but adequate in other respects. This 
principle has been observed in the case of all the mineral elements 
known to be essential, with the exception of phosphorus. Ap- 
parently this has been due to the difficulty of providing adequate 
sources of protein and B complex vitamins deficient in phosphorus. 

Osborne, Mendel, and Park (18), in studies of rickets, were the 
first to describe a “‘purified”’ diet very low in phosphorus. Purified 
edestin or lactalbumin was used as protein and a yeast concentrate 
was used as a source of “‘vitamin B.”’ Vitamins A, D, and E were 
absent. Various other low phosphorus, ‘‘purified”’ diets have been 
deseribed (10, 16, 17, 20, 24, 28). In most of these the B complex, 
when provided, was furnished as crude yeast. This caused the 
inclusion of relatively large amounts of phosphorus and sub- 
stances of unknown nature. Forbes’ (10) diet, probably more 
adequate than any other indicated, contained 0.133 per cent 
phosphorus. 

Schneider and Steenbock (22) have made significant contribu- 
tions, describing a diet which contained only 0.04 per cent phos- 
phorus. Apparently it was adequate in all other respects, but 
the amino acid mixture provided by egg white alone does not 
appear to be as favorable as that from certain other available 


*’This work was aided by a grant from the Rockefeller Foundation. 
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proteins. Jones (13) has shown that crude beef blood fibrin can 
be easily purified, reducing the phosphorus content of the protein 
to 0.10 per cent. Moreover, the protein compares favorably with 
casein in respect to both nutritive value and price. A “purified”’ 
diet based on the use of blood fibrin contained only 0.02 per cent 
phosphorus (14). 

Several specific uses of purified diets extremely low in phos- 
phorus may be enumerated: (a) investigation of rickets, (6) 
determination of mode of action of vitamin D, (¢) studies of para- 
thyroid action, (d) studies of intestinal phosphorylations, espe- 
cially in respect to carbohydrate and fat absorption, and (e) 
studies of absorption and excretion of certain foreign mineral 
elements, e.g. lead, as well as absorption and excretion of various 
physiological elements. 

In this report we shall describe (a) the construction of a diet 
extremely low in phosphorus but adequate in other dietary factors; 
(b) the gross symptoms of phosphorus deficiency in young rats; 
and (c) the progressive effects of such deficiency on the metabo- 
lism of calcium, magnesium, sodium, potassium, chlorine, and 
nitrogen; thus providing a basis for judging the nature of the 
physiological response to acute phosphorus deprivation. 


EXPERIMENTAL 


The diets employed are deseribed in Table I. 

The edestin was of ‘‘technical” grade, obtained from the Arthur 
H. Thomas Company, Philadelphia. The gelatin was a com- 
mercial product containing only a trace of phosphorus. It was 
used to supplement the edestin with lysine, since gelatin contains 
about 3 times as much of this amino acid. That lysine may be a 
limiting amino acid in edestin has been indicated by biological 
methods (27). The technical edestin contained approximately 
0.09 per cent phosphorus. All other components of the deficient 
diet, except the sources of water-soluble vitamins, were essentially 
free from phosphorus. Much time was spent in attempts. to 
secure potent concentrates of the B complex vitamins low in 
phosphorus, it being recognized that, in addition to the need for 
deficiency in phosphorus, unpurified sources of such dietary com- 
ponents might contribute significant amounts of phosphorus of 
unknown biological availability, thus vitiating certain experi- 
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mental applications of the basal deficient ration. The most 
satisfactory source proved to be a dilute aleoholic extract of yeast 
and wheat germ from which most of the phosphorus was precipi- 
tated by means of solid Ca(OH)s stirred with the solutions 30 
minutes and followed by addition of ethyl alcohol to 50 per cent 
by volume. The extract was recovered from the insoluble mate- 
rial by centrifugation. The reaction was immediately adjusted 
topH 4to 5, with HCl. Following this the clear, pale yellow solu- 
tion Was concentrated to a small volume. The concentrate for 
each kilo of diet was equivalent to 75 gm. of yeast and 100 gm. of 


TABLE I 


Composition of Experimental Diets 


Diet 17 


(P-deficient) | 
Edestin | | 16.0 16.0 
Gelatin : Ses 4.0 4.0 
Sucrose, commercial —. 61.2 60.7 

Salts (P-free) i 4.0 

(P added) 1.5 
Choline HCI in sucrose (1:9) 4 1.0 1.0 
Cystine in sucrose (1:19) | 1.0 1.0 
Vegetable fat (Crisco) : 10.0 10.0 
Carotene in oil (Wesson oil, 3: 1000) | 0.3 0.3 
Vitamin B complex. 2.5 2.5 

Viosterol (15 drops per kilo)... .. 1). 038* 0.038* 

100.038 100.038 


* 380 1.0. of vitamin ID per 100 gm. of diet. 


wheat germ. It was fortified with 3 mg. of thiamine, 0.5 mg. of 
niboflavin, and 10 mg. of nicotinie acid. Then it was mixed with 
other components of the ration, dried by means of an electric fan, 
pulverized, and stored at 7°. Details of the preparation have 
been published elsewhere (5). The phosphorus-free salts for 
Diet 16 were NaCl 28.89, KCI 13.23, KHCOs 19.82, CaCO ; 24.55, 
MgSO, 9.37, Fe citrate 3.20, CuSO,;-5H.O 0.32, MnSO,:-2H.O 
0.10, ZnSO,-7H.O 0.50, and KI 0.02. About 500 ml. of water 
were added to 2000 gm. of the mixed salts. After the mixture had 
been dried at 100°, it was ground. ‘To prepare salts for Diet 17, 
472.4 gm. of 85 per cent H;PO, were diluted with 250 ml. of water, 
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cooled, and slowly poured onto the mixture of 2000 gm. of the 
mixed salts and stirred. Carbon dioxide evolved. The mixture 
was dried and ground as before. 

The phosphorus content of Diets 16 and 17 was respectively 0.017 
and 0.27 per cent. The calcium content of each was 0.40 per 
cent. These relatively low levels of calcium and phosphorus 
were chosen for the control diet to avoid the possibility of any 
excess, at the growth rate permitted by the synthetic ration, since 
an excess, In analysis of the effects of phosphorus deficiency, 
might occasion some degree of misinterpretation (20). In order 
to make the diet very deficient in calcium, as well as phosphorus, 
it is only necessary to omit calcium carbonate from the salt mixture. 
Likewise, omission of magnesium sulfate renders the diet deficient 
in magnesium. 

Animals—<A total of 73 rats was studied, 66 for symptomato- 
logical and histopathological purposes, and seven for detailed 
mineral balance determinations. The histopathological findings 
will be reported subsequently.' Stock colony rats, between 42 
and 54 gm. in weight, were used, most of the animals weighing 
between 44 and 48 gm. Only males were used for the mineral 
balance studies. The sexes were evenly divided for all other 
observations. 

Metabolic Balance Procedures—-Vhree males from one litter (A) 
and four from a second litter (B) were restricted to Diet 17 (P 
added). Then they were placed in individual galvanized wire 
eages 19 cm. in diameter and of 0.8 em. mesh. Each cage was 
supported on a porcelain mortar 8 cm. deep and 24 cm. in diameter. 
Arthur H. Thomas filter paper No. 5160, 200 mm. diameter, was 
used to absorb the urine. It was prepared by impregnation with 
thymol-acetic acid according to the directions of Brooke and 
Smith (3). Food was contained in a metal cup connected with 
the cage by a metal runway 12 cm. long. A baffle plate in the 
runway aided in preventing food from being brought into the 
cage or dropped on the excreta. Water was provided for each 
cage by a 100 ml. Erlenmeyer flask secured to the outside of the 
cage and fitted with a curved glass drinking tube which extended 
into the cage. 


'Follis, R. H., Jr., Day, H. G., and MeCollum, EF. V., unpublished work. 
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After 4 days on Diet 17 one rat from Litter A and two from 
Litter B were restricted to Diet 16 (P-low); one from Litter A 
was given Diet 17 ad libitum and the remaining rats (three) were 
continued on Diet 17, the daily intake of each rat being restricted 
to that of its mate on Diet 16. The metabolic periods were divided 
into 7 day intervals, but the balance studies were continued with- 
out interruption as long as each phosphorus-deficient rat of the 
three pairs remained alive. 

Each day one of the two filter papers under each cage was 
removed to a covered beaker containing 0.5 N acetic acid, after 
the fecal pellets were transferred to a small flask containing 95 
per cent alcohol acidified with 5 ml. of acetie acid per 100 ml. 
A fresh filter paper was placed under the remaining one. At the 
end of each period the filter papers in each beaker were macerated 
and digested at 75-90° for a few minutes and the extract was 
filtered by means of a Buchner funnel. The cage, mortar, and 
filter papers were reextracted several times with hot 0.5 N acetic 
acid and the combined filtrates were made up to 1000 ml. The 
feces were prepared according to Brooke and Smith’s method (3). 

Analytical Methods — Calcium, magnesium, phosphorus, sodium, 
and potassium were determined on the ash from 450 ml. of the 
urine solution from each period, after being evaporated to dryness 
under an overhead heater and incinerated at about 450-500°. 
The same elements were determined on aliquots of the pulverized 
feces ashed under similar conditions. Chloride and nitrogen were 
determined on separate aliquots of urine solutions and feces. 
The following analytical methods were used: calcium, Larson and 
Greenberg (15); magnesium, magnesium ammonium phosphate 
precipitation method of Denis (6), and the Fiske and Subbarow 
(8) method for phosphorus of the precipitate; phosphorus, Fiske 
and Subbarow (8); sodium, Butler and Tuthill (4); potassium, 
Harrison and Darrow (11); chloride, Van Slyke (26); and nitrogen, 
Folin and Denis (9). Diets were analyzed by the same methods. 


Results 
Gross Effects of Deficiency 


As indicated in Table II, growth on Diet 16 was greatly in- 
hibited from the beginning, but this may have been due in large 
measure to poor appetite, resulting in a low food intake (Table 
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III) since paired feeding experiments demonstrated that rats 
on Diet 17 were scarcely able to gain any more than the experi- 
mental animals, especially during the first 3 weeks. Rats on 
Diet 16 consumed 30 to 35 gm. of ration per week during the 
first 3 weeks. These values declined thereafter to about 15 gm. 
per week during the 8th and 9th weeks. Animals allowed Diet 17 
ad libitum ate 50 to 60 gm. each per week during the early weeks, 
Later the intake became 70 to 80 gm. 

After 2 weeks rats on Diet 16 had developed rough and greasy 
coats. At 3 weeks the animals preferred to move as little as 
necessary, tending to lie with the hind legs extended to one side. 


TaBLe If 
Average Weekly Weights of Rats during Progress of Phosphorus Deficiency 


Period No. 
Diet Initial 


l 2 3 4 5 t ri S 4 
gm. gm. gm. gm, gm. gm. gm, gm. gm. gm. 
Ad libitum 16 47 53 «63 72 “a4 is @ 
| 48 60 75 92 113 135 153 167 178 186 
Paired. . 16 53 56 60 65 74 7 @& 
17 52 57 «66 68; 82 85 80 72 

No. of rats in group 

Ad libitum 16 28 | 2 | Z isn} 16: 13) 130 6 6 
17 28 | 2 | 2 16: 13: 10 7 7 


They walked with a “erippling gait.” Apparently there was 
much discomfort, since the rats squealed even upon being touched. 
Almost simultaneously, after 3 to 4 weeks, the eyelids and nose 
became affected. The eyes were watery and a thinning of hair 
about them was evident. A bloody crust formed on the nose. 
Breathing became faster and somewhat labored. Since the ribs 
eventually became unable to support the thorax, they collapsed, 
thus imposing an insurmountable burden on respiration and 
circulation. About this time it appeared that the rats were unable 
to eat without some discomfort. Whether this was due to the 
extreme muscular weakness then manifest, or a local disability 
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in the teeth or jaws, or some other less obvious cause, was not 
determined. In the latter stages the extremities became cyanotic 
and somewhat swollen. Priapism occurred. Death was preceded 
by a comatose state which developed gradually during the last 
12 to 24 hours. 

Pica, an abnormal craving for food or foreign objects, was 
never observed. This manifestation appears in aphosphorosis 
in ruminants (7, 25). A moderate increase in water consumption 
was observed throughout the deficieney, rats on Diet 16 ingesting 
an average of 89 gm. each per day and those on Diet 17, 70 gm. 
Polydipsia has been observed in pigs (1) on a diet moderately 
deficient in phosphorus and in cows (19) on a similarly deficient 
regimen. 

Forbes ({0) has commented on the appearance of feces from 
rats moderately deficient in phosphorus. In our animals the 
deficiency did not seem to affect the fecal color but the quantity 
was Increased. Calculated on the basis of dry weight, rats on 
Diet 16 exereted, on an average, 0.972 gm. of feces per animal 
weekly. The average value for paired feeding on Diet 17 was 
0.8380 gm. Part of the difference may be due to greater retention 
of nutrients by the controls. Whether differences in bacterial 
flora of the intestines had any part in the effect was not determined. 

Effect of Restoring Phosphorus to Diet—-Two rats in an extreme 
degree of deficlency were given Diet 17. Within 1 week marked 
recovery had occurred. They were alert, able to walk some, and 
breathing was improved. After 2 weeks the eyes appeared to be 
normal, the hair was smoother, and walking was accomplished 
with ease. 


Mineral Metabolism 


The mineral metabolic balances are summarized in Table IIT. 
Data from six male rats, three on Diet 16 and three on Diet 17, 
are given here. Similar studies were made simultaneously on a 
seventh rat given Diet 17 ad libitum. Since it gained normally, 
weighing 199 gm. at the end of the study (8 weeks), and the 
mineral metabolism appeared to be normal also, it appears certain 
that the experimental procedure was adequate. One experimental 
rat died shortly after the end of the 7th week, a second survived 
through the 9th week, and the third lived until the 8th week had 
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ended. Diet 16 values for the Sth week are averages from the 
data of the latter two rats. 

It is evident that the most striking effect of the deficiency was 
on caletum. The loss of caleitum was precipitous during the first 
2 weeks, almost two-fifths of the total loss occurring during that 
interval. Thereafter the rate of loss diminished until at last a 
slight positive balance occurred during the last week. This was 
found in each of the three deficient rats and appears therefore to 
he significant. The total calcium loss per rat was 259 mg., 
whereas in the control rats 505 mg. were retained. In contrast 
to these effects the deficiency appeared to be without influence 
on magnesium. ‘There tended to be a slight and steady positive 
retention in both groups of rats throughout the study, those on 
Diet 16 retaining 20 mg. and those on Diet 17 retaining 28 mg. 
during the 8 weeks. | 

The phosphorus metabolism also was striking. The average 
intake of the deficient animals was about 5 mg. per rat weekly 
during the first five periods. It dropped to approximately 3 mg. 
in the latter periods. The controls received about 16 times these 
intakes and they retained phosphorus constantly although at a 
diminishing rate. Their average total retention was 385 mg. 
per rat. The average loss of the phosphorus-deficient rats was 
45mg.each. It should be noted that the rate of loss was relatively 
constant but slightly accelerated toward the end of survival. 
Only one-eighth of the total phosphorus excreted by rats on 
Diet 16 was in the urine, but three-fourths of the excreted calcium 
followed that path. 

It is significant that the loss of calcium is so much greater 
than of phosphorus. If it may be assumed that all the excreted 
phosphorus came from bones and that the Ca:P ratio of bone is 
2.00, then 124 mg. of phosphorus should have been released from 
the bones. But the total body loss was only 45 mg. Hence 
about 79 mg. (124 — 45) of phosphorus mobilized from the bones 
must have been taken up by the soft tissues to permit their 
growth. Weight records and the metabolism of nitrogen suggest 
that this actually 

Nitrogen balance determinations provided some means of 
estimating the extent of progressive changes in soft tissues con- 
taining appreciable amounts of phosphorus, since there is some 
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relationship between the nitrogen and phosphorus content of such 
tissues, especially muscle. As shown in Table III, nitrogen 
retention Was fairly good during the early weeks of deficiency, when 
ealcium loss was highest and without a corresponding flood of 
phosphorus from the body. This gives further indication that 
the phosphorus released from bones, with the calcium, tended 
to be transferred to soft tissues, where it was used, with nitrogen, 
in the growth of these tissues. But with the rapid depletion of 
phosphorus from the bones, growth of soft tissue could no longer 
continue; hence a negative nitrogen balance ensued and continued 
until death. The beginning of a negative nitrogen balance oc- 
curred about the time that the calcium phosphate complex of the 
skeleton was nearing exhaustion, as indicated by the decrease in 
calcium loss from the body, x-rays, and autopsies, the latter two 
procedures being applied to deficient animals used for histo- 
pathological observations. ! 

Sodium and potassium metabolism appears to be unaffected by 
phosphorus deficiency. Since there was loss of weight during the 
last 3 to 4 weeks, a loss of potassium and sodium was expected. 
This was not observed. It is quite certain that the sodium data 
are entirely reliable and that, therefore, the metabolism of sodium 
is not noticeably affected by phosphorus deficiency. However, 
the potassium data are somewhat equivocal, since some difficulty 
was experienced in determining this element. 

Although the results are inconclusive, the chloride balance was 
consistently lower, except in the last 2 weeks, in phosphorus- 
deficient rats. This suggests, with equivocation, that some 
attempt was made to compensate for the deficiency of phosphorus 
by an increased output in the urine. Since the urine in phosphorus 
deficiency tends to be alkaline, as stated by Schneider and Steen- 
bock (23) in a preliminary report, it is conceivable that the aug- 
mented chloride output was in response to the altered acid-base 
balance, owing to the tremendous output of calcium and the 
deficiency of phosphorus in the urine. 


DISCUSSION 


The metabolic data cited here, in addition to the growth 
behavior, reveal the progressive changes made in the response to 
acute phosphorus deficiency and strikingly demonstrate that the 
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lack of this element is scarcely paralleled, among minerals, in the 
inability of the body to forestall death long by physiological ad- 
justments. 

Since the metabolism of magnesium, sodium, and potassium 
appeared to be unaffected by the deficiency, attention may be 
directed to calcium and phosphorus alone. Briggs (2) found that 
the ingestion of calcium acetate by humans had no appreciable 
effect on the excretion of sodium, potassium, and magnesium; but 
a marked fecal excretion of phosphorus occurred, as would be 
expected. These findings indirectly support the data given here, 
since in the absence of dietary phosphorus the calcium was in 
relative excess. 

In analyzing the results it is evident that the output of fecal 
phosphorus tended to be about twice the intake level. It ac- 
counted for nearly all the phosphorus loss, since the output in the 
urine was almost zero. Moreover, it is evident that at least 
half of the fecal phosphorus originated from the tissues and could 
not be reabsorbed into the body in spite of acute need for it. 
Thus it would seem that the kidneys were able to accomplish 
some degree of phosphorus conservation while the alimentary 
tract was not. However, it should be noted that of a total of 
853 mg. of calcium ingested per deficient rat during 8 weeks only 
225 mg., or about one-fourth, were exereted in the feces. Since 
none of the ingested calcium could be utilized, owing to the lack 
of phosphorus, the absorbed calcium had to be excreted. Since 
the kidneys were able to accomplish this with slight loss of 
phosphorus, the process of absorbing food calcium and excreting 
it in the urine spared body phosphorus, owing to the tendency, 
under normal conditions, of fecal calcium to be in combination 
with phosphorus. ‘This indicates that the body-alimentary tract 
exchange of nutrients was able to be adapted, in some degree, to 
the conservation of phosphorus, thus constituting a physiological 
adjustment. But it is possible that the calcium was absorbed 
from the gut and excreted by the kidneys because the process of 
tissue phosphorus mobilization was too slow to provide appre- 
ciable amounts of phosphate to bind the food calcium and cause 
its excretion via the feces. It has been suggested (12) that the 
relatively inefficient retention of phosphorus, when the diet 
provides too little, is due to fixation by intestinal bacteria. 
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Since Schneider and Steenbock (23) observed a high incidence 
of renal calculi in rats on a severely phosphorus-deficient diet 
(0.04 per cent P), it is surprising that no evidence whatsoever of 
such concrements was noted in our animals. It may be significant 
that the calcium content of our diet was 0.40 per cent, whereas 
their diet contained 0.57 per cent. Moreover, our diet contained 
less phosphorus, so that survival did not exceed 9 weeks. 
Schneider and Steenbock’s diet, when vitamin D was added, 
permitted survival for 20 weeks. 

On the basis of their studies, Schneider and Steenbock (22) 
drew the new and important conclusion “...that vitamin D 
induced the utilization of P by bone, thereby depriving the soft 
tissues of their supply of P, which in turn inhibited growth.” 
Since the phosphorus contained in bone salts has been generally 
regarded as a reserve supply (21), while at the same time serving 
to give rigidity to the skeleton, the phosphorus of soft tissues has 
seemed to occupy a more vital réle. Apparently the content of 
phosphorus in soft tissues cannot fluctuate, without dire conse- 
quences, while bone phosphorus is able to undergo appreciable 
changes in amount without manifestations of injury to the body. 
Hence it has been generally believed that soft tissues have prefer- 
ence over bone when the supply of phosphorus is_ limited. 
Consequently, a coneept which holds that vitamin D reverses the 
preference for phosphorus, when the latter is limited, merits 
special attention. 

We did not study the effect of phosphorus deficiency in the 
absence of vitamin D. However, our data (Tables II and II1) 
clearly demonstrate that rats on the deficient diet lost phosphorus 
continuously, as well as calcium; hence there was no net retention 
of phosphorus at all, although some growth continued for 5 to 
6 weeks. In view of this, in addition to other evidence already 
presented, it is evident that the soft tissues were growing at the 
expense of bone phosphorus, since, as shown by Schneider and 
Steenbock (22), phosphorus deficiency does not alter the content 
of phosphorus in soft tissues. Possibly it is of some significance, 
however, that our rats received an average of about 100 1.v. of 
vitamin D per rat per week (380 1.Uu. per 100 gm. of diet, and 
average weekly food consumption about 28 gm. per rat) and that 
the rats of the Wisconsin workers received 6 to 12 times as much. 
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Obviously the relation of vitamin D to the distribution of phos- 
phorus in tissues should be investigated further. 


SUMMARY 


The preparation of a diet composed of purified materials has 
been described which contains only 0.017 per cent phosphorus, 
but adequate amounts of other nutrients. Young rats restricted 
to the diet grow slowly for 5 to 6 weeks, and then decline and die 
2 to 3 weeks later. Extreme rarefaction of the skeleton quickly 
occurs, accompanied by progressive disability in walking, stand- 
ing, and breathing. 

Metabolic balance determinations of caleium, phosphorus, 
magnesium, sodium, potassium, chlorine, and nitrogen were made 
at weekly intervals in both urine and feces throughout the defi- 
ciency. Sodium, potassium, and magnesium did not seem to be 
significantly affected, and the results on chlorides were equivocal. 
Nitrogen retention was positive for 5 weeks and then became 
negative simultaneously with the onset of loss of weight. The 
tremendous loss of calcium was principally through the urine, 
but most of the excreted phosphorus was in the feces. The data 
indicate that a significant amount of phosphorus mobilized from 
the bones was redeposited in the soft tissues in spite of the con- 
tinuous negative phosphorus balance. 

The results are discussed in relation to a report in the literature 
that vitamin D induces phosphorus deposition in bone, in 
preference to soft tissues, when the dietary provides very little 
phosphorus. 


The analytical determinations and much of the other work were 
done by Betty Eckenrode and Helen Diering. 
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CONVERSION BY THE HUMAN OF THE TESTIS HOR- 
MONE, TESTOSTERONE, INTO THE URINARY 
ANDROGEN, ANDROSTERONE* 


By RALPH I. DORFMAN, J. W. COOK, ano JAMES B. HAMILTON 


(From the Adolescence Study Unit, the Laboratory of Physiological 
Chemistry, and the Department of Anatomy, Yale University 
School of Medicine, New Haven, and the Royal Cancer 
Hospital (Free), London, England) 


(Received for publication, June 7, 1939) 


Well defined compounds possessing androgenic activity have 
been isolated from lipid extracts of bull testis (1), of adrenal 
cortex (2), and of urine of men (3, 4) and women (5). Two andro- 
gens have been isolated from animal tissues; namely, testosterone 
from bull testis (1), and adrenosterone from the adrenal (2). 
The urine of both men and women has yielded androsterone and 
dehydroisoandrosterone (3-5); however, the human gonadal 
androgen has not been identified. 

Since the chemical structure of the testis hormone of the 
human is unknown at present, the conversion of testosterone 
(the testis hormone of the bull) into androsterone (the urinary 
androgen of men) would bring strong indirect evidence that 
testosterone may be the principal androgenic hormone of the 
human testis. 

In a previous report we showed that in patients with insufficient 
testicular secretion both intramuscular and oral administrations 
of testosterone propionate produce an increase in the androgeni- 
cally active material in the urine (6). These and other urinary 
extracts have now been subjected to chemical fractionations in an 


* Supported in part by the Fluid Research Fund of Yale University 
School of Medicine, the General Education Board of the Rockefeller 
Foundation, and the International Cancer Research Foundation. 

A preliminary report of this work was presented at a meeting of the 
Biochemical Society, February 10, 1939 (Chem. and Ind., 68, 148 (1939)). 
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effort to isolate in crystalline form the compounds responsible for 
increased androgenic activity of the urine. We have been able 
to isolate and identify androsterone as one of the principal meta- 
bolic products in the urine of hypogonadal men who received 
testosterone. 

Since this work has been completed, Marker (7) has isolated 
androsterone from the urineof the bull. Since testosterone has 
been isolated from the testis of the bull, it would appear that in 
this animal, as in the human, androsterone may be one of the 
principal metabolites of testosterone. It is noteworthy in this 
connection that relatively small amounts of androgenic substances 
are excreted in the urine of the bull. 


Materials, Methods, and Subjects 


Testosterone in the form of its propionate’ was administered 
either intramuscularly or by mouth. For intramuscular use a 
standard daily dose of 20 mg. was dissolved in I ce. of peanut oil; 
for oral use 60 or 120 mg. were taken daily in the form of disk- 
shaped tablets each of which contained 10 mg. The tablets 
were taken on an empty stomach at spaced intervals during the 
waking hours, | hour before breakfast, 1 hour before lunch, | 
hour before dinner, and in the evening before retiring. 

All urine samples were collected over 24 hour periods. Assays 
for androgenic activity were performed on the comb of the day- 
old chick (8). A minimum of fifteen and usually twenty chicks 
was used for each assay. All values for androgenic activity are 
expressed as international units (1.U.), which is the activity of 
0.1 mg. of androsterone. 

The subjects were three men with organic functional evidence 
of deficient testicular secretion (9-12). Case 1 was a 35° year- 
old man who has been described elsewhere (6). Before the ad- 
ministration of testosterone propionate four uriné assays covering 
a period of 7 days showed a daily average of 13.5 1.U. as compared 
to the average daily value of 65 1.U. reported for four normal adult 
males (13). Case 2 was a 27 year-old hypogonadal patient with 
eunuchoid skeletal proportions. His clinical symptoms included 
hot flushes, lack of penile erections, and deficiency in skin pig- 

1 Testosterone propionate was furnished by Ciba Pharmaceutical 
Products, Inc., under the trade name perandren. 
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mentation and blood flow. The average daily excretion of andro- 
gen during an 8 day period prior to treatment was 9.5 Lu. Case 
3, a 23 year-old brother of Case 2, exhibited similar eunuchoid 
characteristics save for less abnormal skin pigmentation and 
blood flow, and the absence of hot flushes. He had a daily 
androgen excretion of 20.5 1.U. during a 4 day period. 


EXPERIMENTAL 
Oral Administration of Testosterone Propionate to Case | 


An 8 day sample of urine amounting to 12 liters was collected 
from Case 1 during the time in which the individual received 
600 mg. of testosterone propionate, the equivalent of 501 mg. of 
testosterone. To the 12 liters of toluene-preserved urine, 1.2 
liters of 37 per cent hydrochloric acid were added and the mixture 
refluxed for 15 minutes. The boiled acidified urine was quantita- 
tively extracted with benzene in a continuous extractor described 
elsewhere (13). The benzene was distilled 7n vacuo and the residue 
dissolved in ether. To remove the organic acids and phenols the 
ethereal solution was washed five times with fresh portions of a 
10 per cent solution of sodium hydroxide and then four times with 
distilled water. The ether containing the neutral compounds was 
evaporated to dryness and the alkali-insoluble residue which con- 
sisted of a red viscous oil was assayed for androgenic activity. 
This fraction was found to contain 1040 1.v. of androgeni¢ activity. 

The ketonic and non-ketonic substances in the alkali-insoluble 
fraction were separated by meansof the Girard-Sandulesco ketone 
reagent, trimethylacethydrazide ammonium chloride (14). For 
this separation a solution of the urinary extract, 2 gm. of the 
reagent, 2 cc. of glacial acetic acid, and 18 ce.of absolute alcohol 
were boiled under the reflux for 13 hours. The mixture was then 
poured on ice and 1.2 gm. of sodium hydroxide added to neutralize 
most of the acetic acid. The unchanged material was extracted 
four times with ether, whereby the non-ketonic fraction was 
separated and the aqueous solution amounting to 100 cc. was 
treated with 4 ec. of concentrated sulfuric acid. After 13 hours 
at room temperature hydrolysis of the water-soluble complex 
was complete and the liberated ketones were extracted with 
ether. 
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Kxamination of Ketonic Fraction 


The pale amber gum consisting of ketonic material was treated 
in cold aqueous alcoholic solution for 24 hours with 0.5 gm. of 
semicarbazide hydrochloride and 0.5 gm. of sodium acetate. The 
crystalline semicarbazone, when separated, amounted to 250 mg. 
and a further 80 mg. of gelatinous material were obtained by 
adding water to the liquors. The semicarbazone was recrystallized 
from about 50 cc. of boiling alcohol and gave 30 mg. of crystals 
which melted at 265-270° after sintering. This product was 
hydrolyzed with 10 ec. of aqueous alcoholic sulfuric acid (75 cc. of 
alcohol, 15 ce. of water, and 10 ec. of concentrated sulfuric acid 
(15)). The resulting ketone mixture was sublimed in a high 
vacuum, and then erystallized from hexane and from aqueous 
alcohol. The resulting 1.5 mg. of crystals had a melting point of 
154-166° and possibly contained dehydroisoandrosterone, the 
semicarbazone of which is very sparingly soluble. 

The alcoholic liquors from which the aforesaid semicarbazones 
had been recrystallized were concentrated to about 10° cc., 
yielding 100 mg. of crystalline material which melted at 240-245°. 
Hydrolysis of this with aqueous alcoholic sulfuric acid gave a 
crystalline ketone which was sublimed at 105-110° and 0.001 mm. 
and the sublimate recrystallized from aqueous alcohol. The re- 
sulting colorless leaflets had a melting point of 177-179° 
and amounted to 30 mg. A further crop of 10 mg. of material 
with a slightly lower melting point was obtained from the liquors. 
Recrystallization from hexane gave soft colorless needles which 
melted at 184-184.5° (corrected). That this ketone was andros- 
terone was established by the following observations. (a) The 
melting point was not depressed by an authentic sample of 
androsterone, for which we are indebted to Dr. R. WK. Callow. 
(6) The eolor reaction of Kagi and Miescher (16) was negative, 
indicating the absence of a 17-hydroxyl group. (c) The behavior 
of the specimen in the colorimetric assay of Zimmermann (17), 
as modified by Callow, Callow, and Emmens (18), was compared 
with that of androsterone and the two specimens’ were 
found to give identical absorption spectra. This determina- 
tion was carried out by Mr. F. L. Warren. (d) The benzoate 
crystallized from hexane in colorless needles and had a melting 
point of 175.5-177.5° (corrected) which was not depressed by a 
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specimen of androsterone benzoate supplied by Dr. Callow. 
(e) The acetate prepared by boiling for } hour with acetic anhy- 
dride had a melting point of 165-166° (corrected). Ruzicka, 
Goldberg, Meyer, Briingger, and Eichenberger (19) give the 
melting point of androsterone acetate as 164.5-165.5° (corrected). 

The gelatinous material obtained from the liquors of the original 
preparation of the semicarbazones was combined with a product 
obtained by the addition of water to the mother liquors of the 
recrystallization of the main batch of semicarbazones. This 
mixture was hydrolyzed. The resulting gum which crystallized 
slowly was acetylated with boiling acetic anhydride, and the 
mixture of acetates fractionally reerystallized from aqueous 
methyl aleohol. The less soluble fractions gave some 8 to 10 
mg. of crystals, melting point about 150-155°. This was 
probably mainly androsterone acetate. From the more soluble 
material there were obtained two fractions which melted at 
100-110° and 90-95°, respectively. The latter gave on hydrolysis 
and reerystallization from hexane, 4 mg. of colorless needles, 
melting point 118- 130°, which gave a negative reaction for a 17- 
hydroxy! group in the test of Kagi and Miescher. In view of the 
isolation by Callow, Callow, and Emmens (20) and Callow 
(21) of etiocholan-3(@)-ol-17-one from the urine of a patient 
undergoing treatment with testosterone it seems probable that 
these lower melting fractions contained this hydroxy ketone 
(melting point 148-149°; melting point of acetate 95-97° (22)). 
The lower melting acetate could not be isolated, however, in a 
pure state from the amount of material available. 

Non-Ketonic Fraction 

The gum recovered from the ethereal extract of the fraction 
which did not react with the Girard-Sandulesco reagent was 
extracted several times with boiling hexane. The insoluble 
residue crystallized from hot aleohol in purple-black needles and 
was evidently indirubin (23). The hexane extract was boiled 
with charcoal and the hexane distilled. The residual, pale 
amber gum was distilled from an air bath and two fractions col- 
lected at 120° and 0.01 mm. and 160° and 0.001 mm. respectively. 
When a benzene solution of the higher distilling fraction was 
allowed to stand for several days, crystals formed. After 
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recrystallization from aqueous alcohol 4.5 mg. of a colorless pow- 
der melting at 195-205° were isolated. The melting point was 
raised to 210-215° by recrystallization from benzene. This was 
evidently a diol of the male hormone series, as the color reac- 
tion of Kagi and Miescher (16) was positive. The melting point 
of this product was strongly depressed when mixed with dihydro- 
androsterone,? melting point 223° (corrected), which is formed 
by the reduction of androsterone (24, 25). 

After reerystallization from aqueous acetic acid the substance 
had a melting point of 214-217°, and the mixed melting point with 
etiocholan-3(a@)-17-diol® (melting point 232°) was 224-227°. There 
was not enough of our compound for further purification or 
characterization, but it seems probable that it was an impure 
specimen of etiocholan-3(a@)-17-diol. 


Intramuscular Administration of Testosterone Propionate to Case 1 


During an 18 day period when daily doses of 20 mg. of testos- 
terone propionate were administered intramuscularly, 24 hour 
samples of urine were collected and pooled. The total volume of 
urine amounted to 24 liters and contained 1200 1.v. of androgenic 
substances. ‘The urine was extracted as described previously and 
separated by means of the Girard-Sandulesco ketone reagent into 
the ketonic and non-ketonic fractions. 

The ketonic fraction was sublimed at 135° and 0.005 mm. and 
the sublimate was dissolved in aqueous alcohol, and treated with 
0.3 gm. of semicarbazide hydrochloride and 0.3 gm. of sodium 
acetate. The crystalline material which precipitated was cen- 
trifuged and the clear supernatant liquid concentrated to about 
10 ce. A semicarbazone separated which after recrystallization 
from aleohol melted at 243-250°. This semicarbazone was 
hydrolyzed with aqueous alcoholic sulfuric acid and the free 
ketone recovered. The free ketone was dissolved in 0.5 ce. 
of pyridine and 0.3 cc. of benzoyl chloride added. The mixture 
was gently heated on a steam bath. Four recrystallizations from 
aqueous alcohol yielded colorless needles which melted at 170-172°. 


2 A specimen of this dihydroandrosterone was kindly supplied by Messrs. 
Ciba, Ltd. 

We are indebted to Professor A. Butenandt for a specimen of 
etiocholan-3(a@)-17-diol. 
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The melting point was raised to 173-175° by two further recrystal- 
lizations from aqueous alcohol. The benzoate was hydrolyzed 
with aqueous alcoholic sodium hydroxide and 27 mg. of the 
free ketone with a melting point of 177-179° were isolated. When 
the compound was mixed with androsterone, melting point 
181°, the mixture melted at 177 -179°. 


Intramuscular Administration of Testosterone Propionate to Cases 
2and 3 


A 14 day sample of urine was collected from Case 2 and a 19 
day sample from Case 3 during the time each patient had received 
daily intramuscular injections of 20 mg. of testosterone propionate. 

The urines were extracted and the extracts separated into 
ketonic and non-ketonic fractions by the methods previously 
described. The urinary concentrates of Cases 2 and 3 contained 
1000 1.U. and 1250 1.U. of androgenic activity respectively. 


Ketonic Fraction 


The ketonic fraction from the urine of Case 2 was treated with 
semicarbazide in cold aqueous alcoholic solution and gave 115 
mg. of a crude mixture of semicarbazones which was readily 
soluble in alcohol. Concentration of the alcoholic solution to 
about 2 cc. gave 18 mg. of material, melting point 247-253°, which 
was then hydrolyzed with aqueous alcoholic sulfuric acid. The 
product was recrystallized from hexane, sublimed in a_ high 
vacuum, and the sublimate recrystallized from aqueous alcohol 
and finally from hexane. The resulting colorless nodules amount- 
ing to 1.5 mg. had a melting point of 154-158° and were 
clearly not homogeneous. The semicarbazones from the 
alcoholic liquors were combined with the more soluble semi- 
ecarbazones obtained from the ketonic fraction from the urine of 
Case 3. 

The crude semicarbazone which amounted to 140 mg. from the 
ketonic fraction of the urine of Case 3, prepared as already de- 
scribed, was extracted with boiling alcohol, and gave 8.5 mg. of 
sparingly soluble semicarbazone, melting point 277-279°. Con- 
centration of the alcoholic solution to a few ce. yielded 18.5 mg. 
of material, which melted at 245-255°. After hydrolysis of the 
semicarbazone and purification of the free ketone 3 mg. of an- 
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drosterone were isolated as described in the procedures followed 
with the urinary concentrates from Case 1. 

The corresponding fraction from the combined non-ketonic 
extracts of Cases 2 and 3 gave no crystalline material, and at- 
tempts to obtain crystalline 3,5-dinitrobenzoates were un- 
successful. 


DISCUSSION 


It has been demonstrated that androsterone accounted for a 
large portion of the androgenic substances found in the urine 
after administration of testosterone. Of the 1040 1.v. of activity 
found in the urine of Case 1 after ingestion of the equivalent of 
501 mg. of testosterone, at least 400 Lu. or 38 per cent can be 
accounted for on the basis of 40 mg. of androsterone isolated from 
the ketonic fraction of this extract. 

After intramuscular administration of approximately the equiv- 
alent of 300 mg. of testosterone to the same man (Case 1) it 
has been possible to isolate and identify 27 mg. of androsterone 
from the urine sample containing 1080 1.u. of androgenic sub- 
stance. ‘This represents 26 per cent of the androgenic activity of 
the urine. The experiments of Callow, Callow, and Emmens (20) 
and Callow (21) have also shown that testosterone administered 
subcutaneously may be excreted in the urine as androsterone. 

The fractionation of the urinary extracts has thus far failed 
to reveal the presence of any unchanged testosterone. How- 
ever, suggestive evidence is presented for the presence of 
etiocholan-3(a@)-17-diol. 

Though the conversion of testosterone to androsterone is demon- 
strated in these experiments, the intermediates remain obscure. 
In Fig. 1 are charted the theoretically possible intermediates. 
The conversion involves essentially the uptake of 4 hydrogen atoms 
in Ring A, 2 in position 3, 2 in position 5, and the loss of 2 hydro- 
gen atoms at position 17. Thus, the metabolism of testosterone 
to androsterone would involve a three-step reaction with at least 
two intermediate compounds. 

Since androsterone has a particular spatial configuration at 
positions 3 and 5, that is 3(@)-hydroxy and 5-allo, there could be 
six direct intermediates as charted in Fig. 1. The hypothesis 
that testosterone is metabolized to androsterone by way of 
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Compounds I and II is particularly attractive, since the androgenic 
activities of Compounds I and II are intermediate between those 
of testosterone and androsterone. Thus, the transition from 


TESTOSTERONE 
OH 


ANDROS TERONE 


kia. 1. Theoretical intermediates in the conversion of testosterone to 
androsterone. 


testosterone to etioallocholan-3-one-17-ol (Compound 1) 
would involve the uptake of 2 hydrogen atoms at carbons 4 and 5 
with a decrease in androgenic activity from 15 micrograms per 
I.u. to 30 micrograms per I.U. (26). 
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The second step would be from etioallocholan-3-one-17-ol 
(Compound I) to etioallocholan-3(a@)-17-diol (Compound I1) with 
no change in androgenic activity (26). The final step would be 
the oxidation of Compound II to androsterone by the loss of 2 
hydrogen atoms at carbon 17 with a decrease in androgenic, 
activity from 30 micrograms per 1.u. to 100 micrograms per 1.U. 

We are investigating at the present time the possible réles of 
Compounds IIT, V, and VI (Fig. 1) as intermediates in the trans- 
formation of the testis hormone, testosterone, to the urinary 
androgen, androsterone. — 


SUMMARY 


It has been demonstrated that testosterone administered either 
intramuscularly or orally to men with deficient testicular secretion 
can be converted to and excreted in the urine as androsterone. 
Since androsterone is one of the principal androgens which has 
been isolated from the urine of men, this conversion of testosterone 
is interpreted as indirect evidence that in man testosterone may be 
the testis hormone. 

The possible intermediates in the conversion of testosterone to 
androsterone are discussed. 
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THE DECOMPOSITION OF CYSTEINE IN AQUEOUS 
SOLUTION* 


By JOSEPH I. ROUTH 


(From the Biochemical Laboratory, State University of Towa, Towa City) 
(Received for publication, July 17, 1939) 


In a recent study (1) it was shown that cystine could be de- 
composed by boiling distilled water with the formation of cysteine, 
hydrogen sulfide, asd elementary sulfur. The decomposition of 
eysteme under similar conditions should aid in a clearer explana- 
tion of the mechanisms involved in the breakdown of these two 
amino acids. The action of alkaline reagents on cysteine and its 
derivatives has been studied by Andrews (2), Clarke (3), Gortner 
(4), Nicolet (5), Schéberl (6), and their collaborators. Treatment 
of cysteine with 2 M sodium hydroxide for 5 hours at 100° resulted 
in 3 to 5 per cént deamination (2), while boiling with 1 mM sodium 
hydroxide for the same period produced about 7 per cent deamina- 
tion (3). These results were confirmed by Thor and Gortner (4) 
who stated that cysteine was definitely more stable toward boil- 
ing 4 M sodium hydroxide than was cystine. On the other hand 
it was recently observed (6) that no loss in nitrogen resulted when 
cysteine was heated to 98-99° in 1 M_ sodium hydroxide 
for 2 hours. 

The results of experiments in which cysteine was decomposed 
under the conditions previously established for the decomposition 
of cystine are presented in this paper. 


EXPERIMENTAL 


Cysteine (1.0 gm.) was decomposed by being boiled under a 
reflux condenser in a liter of distilled water containing 0.48 gm. 
of sodium chloride. The cysteine used in this series was in the 


* The essential portions of this paper were presented before the Thirty- 
third meeting of the American Society of Biological Chemists at Toronto, 
April 26-29, 1939. 
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form of the hydrochloride. The analysis of the compound was 
as follows: nitrogen 98.7, sulfur 99.9, and cysteine 100.2 per cent 
of the theoretical. No cystine was found present. The decom- 
position was carried out in an atmosphere of either air or nitrogen. 
Slight changes in procedure (1) were made to prevent preliminary 
oxidation of the neutralized cysteme solutions. For the 
experiments in an atmosphere of nitrogen the water was placed 
in the reaction flask, the absorption trains were connected, and 
nitrogen was bubbled through the system for 20 to 30 minutes. 
The condenser was then disconnected, with the nitrogen. still 
bubbling, and 1.8 gm. of cysteine hydrochloride were added, fol- 
lowed by an amount of sodium hydroxide sufficient to neutralize 
the solution to a pH of 68 to 7.0. The system was 
immediately reconnected and the nitrogen was passed over the 
liquid in the flask. ‘The solution was then heated so that boiling 
occurred in about 30 minutes. 

There were also slight modifications in the experiments in an 
atmosphere of air. The cysteine hydrochloride was added to the 
water in the reaction flask, followed by the sodium hydroxide. 
The apparatus was connected and compressed air was bubbled 
through the solution for 2 minutes. The heater Was then turned 
on and the air was passed over the liquid in the flask. 

During the course of this investigation 1t was found that the 
distilled water contained traces of metallic elements, iron in 
particular, that would catalyze the oxidation of cysteine. It was 
observed that if the experimental solutions were allowed to stand 
after the boiling period characteristic crystals of cystine were 
deposited in the flask within a period of 2 days. When conductiv- 
ity water was employed, a decrease in the rate of decomposi- 
tion was noticed and the solutions remained clear for several days. 
In order to rule out such contamination, conductivity water was 
used in the present series. The results obtained previously in the 
decomposition of cystine (1) were not appreciably altered when 
conductivity water was substituted for distilled water. 

It was thought that the small amount of sodium chloride 
(0.48 gm.) that resulted from the neutralization of the cysteine 
hydrochloride might make impossible exact comparison between 
the decomposition of the two amino acids. However, the 
addition of varying quantities up to 10 times that amount (0.48 
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gm.) of sodium chloride to the cystine produced no apparent 
alteration in the decomposition of this amino acid. 

Cystine and cysteine were determined by the Shinohara 
methods, cysteine by the Lavine, sulfur by the Benedict-Denis, 
nitrogen by the Kjeldahl, and hydrogen sulfide by the iodo- 
metric method as employed in the cystine studies (1). The 
Sullivan method was not used, however, as it did not give a 
satisfactory differentiation between cystine and cysteine in the 
eoncentrations that existed in the experimental solutions. 


TABLE I 
Changes in Composition of Solutions of Cysteine after 
Boiling with Distilled Water 
All values are expressed in mg. per liter of solution. The column head- 
ings, air and nitrogen, indicate the atmospheres in which the experiments 
were conducted. The initial solution contained 1002 mg. of cysteine and 
0.48 gm. of sodium chloride per liter of water. 


Shinohara method Lavine method 
Time Cysteine Cysteine 
N Air N Air N Air 

Ars. 

1002 1002 1002 | 1002 

O.5 976 973 16 24 978 | 972 

947 26 35 O59 446 

3 936 428 38 48 934 927 

6 SSO) S5Y 46 ral S77 S58 
12 758 738 ree 112 757 731 
24 628 134 146 628 593 
45 472 452 181 195 442 467 


In addition amino nitrogen determinations were made on aliquots 
of the reaction mixture by the Kendrick and Hanke modification 
(7) of the Van Slyke method. 

When it was discovered that a loss of nitrogen occurred in the 
longer periods of heating, the extent of deamination was deter- 
mined by including standard acid solutions in the train of 
absorption bottles connected to the reflux condenser. 

Several experimental solutions set up as described above and 
heated for 24 or 48 hours were tested for the presence of sulfenic 
or sulfinic acid. Aliquots (900 ec.) of the reaction mixture were 
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brought to a pH of approximately 7.5 to 8.0 and then evaporated 
to a volume of about 50 cc. on a steam bath under a stream of air. 
The residual solutions were filtered to remove the cystine that had 
precipitated and were aerated until the nitroprusside test for 
cysteine was negative. They were then slowly evaporated to 
dryness, the residue was taken up in a small amount of water, 
and the solution filtered from the cystine that had formed. The 
filtrate and washings were made up to a volume of 25 cc. and 
aliquots of this solution were tested for sulfenic or sulfinic acid 
by the method outlined by Lavine (8). This method is based 
on the oxidizing action of these acids on KI-HCI solutions with 
the liberation of iodine, which is then titrated with sodium thio- 
sulfate. 

The data for the time intervals presented in Tables I to LV are 
the averages of at least two experiments in each case. 

DISCUSSION 

The decomposition of cysteine in an atmosphere of either air 
or nitrogen proceeded at a slower rate than that of cystine under 
similar conditions (Table I). Cystine was formed in appreciable 
amounts from the cysteine and the increase in concentration was 
proportional to the time of heating. There was no elementary 
sulfur formed during the decomposition of cysteine in direct con- 
trast to the behavior of cystine. The hydrogen sulfide formation 
from cysteine was only slightly greater than one-half that formed 
in the decomposition of cystine (Table I1). A further study of the 
partition of sulfur in the decomposition of cysteine is presented in 
Table III. Three typical experiments are shown, while the 
complete data for all the experiments may be calculated from 
Tables land II. As observed earlier in the case of cystine, there 
was more sulfur present in the experimental solution than could 
be accounted for as cystine or cysteine. Since no elementary 
sulfur was present in the reaction flask, this extra sulfur 
probably was present as decomposition products of cysteine 
or cystine. The decrease in the pH of the solutions as the time 
of heating increased pointed to the presence of acidic products. 
Table II indicates the results in air, while similar changes in pH 
were obtained in an atmosphere of nitrogen. As in the experi- 
ments on cystine the extra sulfur present in the experimental 
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solution could not be accounted for as inorganic sulfates. This 
was demonstrated by the failure to obtain positive tests for the 
sulfate in acidified aliquots. 


TABLE I] 
Decomposition of Cysteine by Boiling Distilled Water 
All values except pH are expressed as mg. derived from 1.0 gm. of cys- 
teine. The column headings, air and nitrogen, indicate the atmospheres 
in Which the experiments were conducted. The initial solution contained 
1002 mg. of cysteine and 0.48 gm. of sodium chloride per liter of water. 


Sulfur pH change in air 
heating heating 
N Air N Air N Air 
hrs 
264 264 {) {) 264 264 
0.5 262 262 0.8 | 0.9 | 22 | 262 6.9 6.9 
262 265 | .Y 2.4 264 267 7.0 6.9 
3 262 259 15 | 4.5 | 266 | 266 6.9 6.7 
(5 252 252 10.8 10.6 263 262 6.9 6.6 
12 245 242 20). 1 20.5 263 262 7.0 6.6 
24 225) 221 33.8 38.4 263 260 6.9 2.5 
48 208 146 56.4 56.9 204 253 6.8 4.9 


TaBLe III 
Recovery of Sulfur after Boiling Cysteine with Distilled Water in 
Three Typical Experiments 


All results are expressed as mg. of sulfur present. 


0.5hr.in 6hrs.in hrs. in air 


In solution before heating 264.3 264.3 264.3 
us cysteine (b) 256. 1 233 .3 153.8 
‘cystine (¢).. 4.3 12.3 338.9 
extra sulfur in solution (a — 6 — ¢) 1.0 28.5 
As hydrogen sulfide (d) 0.8 10.4 38.4 
Total recovery (a + d). | 262.2 263 . 2 259.6 


The most probable sulfur-containing products from the decom- 
position of cysteine would be the sulfenic acid (R—SOH) and 
the sulfinic acid (R—SO.H). It is unlikely that appreciable 
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quantities of the sulfenic acid could be present, since as shown by 
Toennies (9) it would rapidly form cystine according to the fol- 
lowing equation. 


R—SOH + R—-SH — R—S—S—R + 


The more stable sulfinic acid reacts very slowly with cysteine 
according to Lavine (10). 


R—SO.H + 3R—SH — 2R—S—S—R + 2H,0 


This reaction takes several days for completion in the pH range 
encountered in the present investigation. 

In every 24 or 48 hour run that was tested for the presence of 
these acidic products an appreciable increase in iodine liberation 
over that of suitable blanks was observed. The cystine that 
formed during evaporation and aeration was also tested for these 
compounds. The iodine liberated by the cystine was in no case 
greater than that liberated by the blanks. Doubtless a mixture 
of compounds was present; when calculated as the sulfenic acid 
there were from 7.6 to 59.4 mg. formed, while when calculated as 
sulfinie acid from 2.8 to 22.1 mg. were found to be present in the 
liter of solution. The difficulty in the isolation of any one of these 
compounds from a mixture has been stressed by Toennies (9) and 
Lavine (8, 10) and further work is necessary to establish the 
identity of the substance or substances capable of liberating iodine 
from KI-HCI solutions. 

A more thorough investigation of the fate of the nitrogen of 
cysteine was made when it was discovered that deamination 
occurred (Table IV). In the periods up to and ineluding 12 
hours the nitrogen in the experimental solution was essentially 
all in the form of amino nitrogen. However, in the 24 and 48 
hour runs the amino nitrogen accounted for only 80 to 85 per cent 
of that present in the reaction mixture. 

The fact that no elementary sulfur was formed in the decomposi- 
tion of cysteine even though appreciable amounts of cystine were 
present leads to the conclusion that different mechanisms may 
exist for the breakdown of these amino acids. However, in the 
mechanism of the alkaline decomposition of cystine as outlined by 
Bergmann and Stather (11) the formation of e-aminoacrylic acid, 
hydrogen sulfide, and elementary sulfur is postulated as the first 
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step in the series of reactions. Cysteine would form the acid and 
hydrogen sulfide but no elementary sulfur. The above theory has 
been confirmed by Clarke and his coworkers (3) and Nicolet (5). 
The steady increase in the concentration of cystine with the time 
of heating (Table I) is difficult to explain in the light of this 
theory. It would seem reasonable to assume that any cystine 
present in the reaction flask would be decomposed with the 
formation of elementary sulfur. The liberation of ammonia from 
cysteine as compared to the relative stability of the nitrogen of 
cystine in boiling distilled water is in direct contrast to the results 


TABLE IV 
Changes in Nitrogen of Cysteine after Boiling with Distilled Water 
All values are expressed as mg. derived from 1.0 gm. of cysteine. The 
column headings, air and nitrogen, indicate the atmospheres in which the 
experiments were conducted. The initial solution contained 1002 mg. of 
eysteine and 0.48 gm. of sodium chloride per liter of water. 


Experimental! solution | 
N Accounted for (total 


Time Total N liberated + ammonia N) 
N Air N | Air N | Air |: 

hrs | 
116 114 | 114 0 0 114 | 114 
0.5 | 108 107 108 | 109 | 0.9; 0.9 | 109 | 110 
106 103 108 -108 1.1 109 
12 103 101 105 104 110 
24 87 86 102 102 | 10.0 9.8 
48 7 8) 99 98 12.9 12.0 112 110 


obtained when these compounds are treated with alkaline reagents 
(2-4, 6). It seems plausible that different mechanisms exist for 
the decomposition of the two amino acids and that they may be 
broken down differently in alkaline media than in distilled water. 
Further work is necessary to establish the influence of cystine 
on cysteine decomposition and vice versa. 

In view of the possible formation of compounds of the type of 
sulfenic and sulfinic acids and their effect on the decomposition of 
cysteine and cystine it may be well to defer discussion of the 
mechanisms involved until further investigation. 
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SUMMARY 


1. Cysteine was decomposed by being boiled with distilled 
water. The formation of cystine, hydrogen sulfide, and ammonia 
was demonstrated. The decomposition proceeded at essentially 
the same rate in air as In nitrogen. 

2. From 95 to 101 per cent of the original sulfur could be ac- 
counted for in the various sulfur fractions. Not all of the sulfur 
present at the end of the experimental period could be accounted 
for as sulfur of cysteine, cystine, and hydrogen sulfide. The 
formation of decomposition products similar to sulfenie and sul- 
finic acids was suggested by the presence of substances capable of 
being reduced to cystine with the liberation of iodine from KI-HC! 
solutions. The acid nature of these products was indicated by a 
progressive decrease in the pH of the solutions as the time of 
heating was increased. 

3. A progressive increase in deamination of cysteime occurred 
(10 per cent in 48 hours) in contrast to the stability of the nitrogen 
of cystine under similar conditions. This difference in behavior 
of the two amino acids coupled with the lack of formation of 
elementary sulfur when cysteine is heated leads to the conclusion 
that there are apparently different mechanisms for the de- 
composition of cystine and cysteine by boiling distilled water. 
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THE UTILIZATION OF CERTAIN SULFUR-CONTAINING 
COMPOUNDS FOR GROWTH PURPOSES* 


By WILLIAM C. ROSE ann ELDON E. RICET 


(From the Division of Biochemistry, Noyes Laboratory of Chemistry, 
University of Illinois, Urbana) 


(Received for publication, June 28, 1939) 


In a previous paper Womack, Kemmerer, and Rose (1937) 
demonstrated the dietary indispensability of methionine, and 
showed that this amino acid is capable of replacing cystine for 
growth purposes. Thus, contrary to the opinion formerly held, 
cystine Is not an essential constituent of the food. Its presence 
does not improve the quality of a ration carrying an adequate 
amount of methionine, nor does its administration induce growth 
in animals deprived of methionine. 

The unique réle of methionine as the only indispensable sulfur- 
containing amino acid suggests the importance of determining 
the growth effects of other compounds carrying sulfur, notably 
homocystine, homocysteine, and cysteine. The possible metabolic 
relation of one or more of these amino acids to methionine is 
generally appreciated. Du Vigneaud, Dyer, and Harmon (1933) 
and Dyer and du Vigneaud (1935) have shown that homocystine 
stimulates the growth of animals upon a low protein diet (5 or 6 
per cent of casein and 12 per cent of ‘‘milk vitamin coneentrate’’). 
Similar results have been reported by White and Beach (1937-38) 
following the use of a ration containing arachin as the chief source 
of nitrogen. Obviously, it does not follow necessarily from either 
of these experiments that homocystine can induce growth in the 


* Aided by grants from the Rockefeller Foundation and the Graduate 
School Research Fund of the University of Illinois. 

t The experimental data in this paper are taken from a thesis submitted 
by Eldon E. Rice in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy in Biochemistry in the Graduate School of the 
University of Llinois. Certain preliminary experiments not recorded 
herein were conducted by Evelyn M. Hancock. 
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absence of methionine. Both diets, though low in methionine, 
were not devoid of this amino acid. Investigations in this labora- 
tory have shown that even cystine is capable of improving the 
rate of gain when methionine ts furnished in suboptimal quantities 
(cf. Rose (1937)). 

Further information regarding the possible relationship of the 
sulfur compounds is found in the observations of Brand and his 
associates (1935). These investigators report that the adminis- 
tration of methionine, cysteine, or homocysteine to a cystinuric 
patient is followed by the excretion of extra cystine in the urine. 
On the other hand, cystine and homocystine, under like circum- 
stances, are said to be almost completely oxidized, and thus do not 
contribute to the output of cystine. The findings were interpreted 
as indicating the transformation of methionine into cystine through 
homocysteine and cysteine as intermediates. Furthermore, the 
authors express the opinion that the disulfide and sulfhydryl 
forms of amino acids are not so interchangeable in metabolism as 
has previously been assumed, and that their oxidation in the body 
is accomplished by separate mechanisms. 

Lewis, Brown, and White (1936) have presented confirmatory 
evidence as to the fate of methionine, cystine, and cysteine in 
cystinuria, but are reluctant to accept the theory postulated by 
Brand et al. as to the origin of the urinary cystine until more 
eonvineing proof is available. In earlier investigations, Virtue 
and Lewis (1934) had shown that the administration of dl-methio- 
nine to rabbits leads to the appearance in the urine of a compound, 
other than cystine, containing the disulfide linkage. ‘This was 
explained tentatively as being due to the presence of small amounts 
of homocystine, which presumably had been formed by the 
demethylation of methionine and the oxidation of the resulting 
homocysteine. 

In view of the above observations, it seemed not improbable 
that growth studies involving the separate addition of homo- 
cystine, homocysteine, and cysteine to diets known to be devoid 
of both cystine and methionine might aid in the elucidation of the 
metabolism of the sulfur-containing components of proteins. 
In any event, it was of interest to determine whether the physio- 
logical availability of the several compounds for tissue synthesis 
in animals bears any relation to their behavior in human cystinuric 
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patients. If the primary reaction in the catabolism of methionine 
is its conversion to homocysteine, can the latter or its oxidation 
product (homocystine) serve reversibly as a source of methionine? 

These and other considerations prompted the experiments 
outlined below. In the meantime, at the Baltimore meeting of 
the American Society of Biological Chemists, Brand (1938) pre- 
sented a preliminary report on the growth effects of homocystine 
and cysteine. ‘The basal diet carried glycine, glutamic acid, and 
the essential amino acids other than methionine. ‘The addition 
of dl-homocystine induced growth at a rate somewhat better than 
half that occasioned by the inclusion of dl-methionine in the food. 
On the other hand, rats which received cysteine, either with or 
without glutathione, failed to increase in weight. As daily sources 
of vitamin B factors, the animals received ‘crystalline vitamin 
B,, lactoflavin, 75 mg. of milk concentrate, and 150 mg. of dried 
yeast (S content of yeast, 0.32 per cent).”’ 

In the present study, four compounds were tested as dietary 
supplements; namely, homocystine, homocysteine, the thiolactone 
of homocysteine hydrochloride, and cysteine’ hydrochloride. 
For control purposes, like experiments were conducted with 
methionine and cystine. Every precaution was taken to avoid, 
in so far as possible, the introduction of traces of methionine as 
contaminants of the various articles of food. 


EXPERIMENTAL 


Preparation of Homocystine, Homocysteine, Homocysteine Thio- 
lactone Hydrochloride, and Cysteine Hydrochloride—dl-Homocystine 
was synthesized according to the method of Patterson and du 
Vigneaud (1935) through benzyl-8-chloroethyl sulfide and S- 
benzylhomocysteine as intermediates. The benzyl group was 
removed from the S-benzylhomocysteine by the action of sodium 
in butyl aleohol, and the resulting homocysteine was oxidized in 
aqueous solution with a current of air (FeCl; as a catalyst) until 
it gave only a faint nitroprusside test for sulfhydryl groups. 
After purification, the final product yielded the following analytical 
values. 


Calculated. 39.80, H 6.01, N 10.44 
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dl-Homocysteine was prepared from S-benzylhomocysteine by 
the sodium-liquid ammonia reduction procedure of Riegel and 
du Vigneaud (1935-36). The product melted at 231-232° 
(Riegel and du Vigneaud report a melting point of 232- 238°), and 
showed a sulfhydryl content by the Okuda method of 91.5 per 
eent of the theoretical. This compares favorably with the 92 
per cent sulfhydryl content of Riegel and du Vigneaud’s compound 
immediately before the final recrystallization for analysis.  Re- 
crystallization of our product did not raise the sulfhydryl value. 
Kvidently it contained a small amount of disulfide. 

The thiolactone of dl-homocysteine hydrochloride was prepared 
by a modification of the method of Riegel and du Vigneaud (1935- 
36). For this purpose, 13 gm. of homocystine were treated with 
approximately 500 ec. of 25 per cent hydrochloric acid and 15 
gm. of tin-foil, and the mixture was stirred at room temperature 
for 3 hours. After removal of the tin as the sulfide, the solution 
was evaporated to dryness tn vacuo, and the residue was dissolved 


in the minimum volume of hot concentrated hydrochloric acid... 


On eooling, 9.0 gm. of hexagonal plates separated. These, after 
having been dried in vacuo, melted sharply at. 200°, and yielded 
the following values on analysis. 


C,H;NSO-HCI. Calculated. C 31.25, H 5.25, N 9.12 


l-Cysteine hydrochloride was prepared from /-cystine by re- 
duction with tin in 25 per cent hydrochloric acid. The final 
product showed a nitrogen content of 8.87 per cent (calculated, 
8.89 per cent). A determination of the sulfhydryl groups by the 
Okuda method gave a value of 101 per cent of the theory. 

Composition of Diets The nitrogenous portion of the food was 
furnished in the form of a mixture of highly purified amino acids. 
The composition of this mixture (Mixture XX-a) is shown in 
Table 1. Cystine and methionine were of course omitted. The 
only other amino acids which are recognized as protein compo- 
nents but were not included in the diets are norleucine, hydroxy- 
glutamic acid, and citrulline. These are not required by the 
organism of the rat. 

Of the seventeen amino acids used in formulating the mixture, 
glycine and the seven racemic acids were synthetic products, 
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which were shown to be analytically pure, and which obviously 
could not have been contaminated with cystine or methionine. 
The nine natural amino acids were not only purified until they 
yielded correct analytical values, but were proved individually 


TABLE [ 


Composition of Amino Acid Mixture 


Glycine 
Alanine 
Serine 

Valine 
Leucine 
Isoleucine 
Cystine... 
Methionine 
Proline 
Hydroxyproline 
Aspartie acid 
Glutamic 
Phenylalanine 
Tyrosine. 
Arginine 


Histidine 


monohydrochloride 


monohydrochloride 

Lysine | 
monohydrochloride 

Tryptophane 

Threonine 

Sodium bicarbonate 


* Racemic acids. 


monohydrate 


Active 
amino acids 


to be devoid of cystine by the Sullivan test. 
precaution, the natural amino acids, mixed in the proportions 
indicated in Table I, were analyzed for total sulfur by the Parr 
procedure. Determinations of total sulfur were also carried out 


Mixture X X-a 


As 


As used 


an additional 
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upon the milk concentrate and tikitiki extract used in certain of 
the experiments as sources of the vitamin B factors. ‘The results 
demonstrated that in no instance could the daily intake of un- 
known sulfur from all sources have exceeded 0.2 mg. When more 
TABLE II 
Composition of Drets* 
Basal Diet (Diet 1) 


Amino acid Mixture \X-a 4 
Dextrin... 27.6 
Sucrose. 15.0 
Salt mixtureT 1.0 
| 2.0 
Lard. . 26.0 

100.0 


Experimental Diets 
ixcept fof the amino acid supplements listed below, the experimental 
diets were identical with the basal diet. In each case the dextrin was de- 
ereased by an amount equal to the weight of the supplement. 
Diet 2 contained 0.60 per cent of dl-methionine 


0.85 * ** dl-homocysteine 

hydrochloride 

0.62 ** l-eysteine hydrochloride 


“The vitamin B factors were supplied in the form of two pills daily. 
Vitamin Supplement 1 consisted of 150 mg. of milk concentrate and 100 
mg. of tikitiki extract per animal per day. Vitamin Supplement 2 fur- 
nished 25 mg. of ryzamin-B and 0.02 mg. each of thiamine chloride, ribo- 
flavin, and nicotinic acid per animal per day. 

t Osborne and Mendel (1919). 


highly purified forms of the vitamins were employed, as described 
below, the extraneous sulfur was further reduced. 

In Table II is shown the make-up of the diets. The basal 
diet (Diet 1) contained 20.4 per cent of amino acid Mixture XX-a. 
This represents the sum of the quantities listed in the third column 
of Table I. Thus the per cent of each active or physiologically 
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effective’ amino acid in the food may be seen from the corre- 
sponding figure in the second column of Table Il. When the sulfur- 
containing amino acids were introduced into the diets (see Table 
II), they replaced equal weights of dextrin. In the control ex- 
periments (Diets 2 and 3) d/l-methionine? and l-cystine were fur- 
nished at levels of 0.6 and 0.48 per cent respectively. dl-Homo- 
eystine was administered at levels of 0:54 (Diet 4) and 1.08 per 
eent (Diet 5), representing | and 2 equivalents respectively of the 
compound as compared to 0.6 per cent of methionine. 2 equiva- 
lents (1.24 per cent) of the thiolactone of dl-homocysteine hydro- 
chloride (Diet 7) were supplied. In the cysteine tests (Diet 8), 
0.62 per cent of cysteine hydrochloride was employed. ‘To the 
diets containing the hydrochlorides of cysteine and of the thio- 
lactone, sodium bicarbonate was added in amounts equivalent to 
the hydrochloric acid. 

In view of the fact that homocysteine is oxidized with even 
greater ease than is cysteine, and that our preparation of this 
compound contained some disulfide, it was fed (Diet 6) at a level 
(0.85 per cent) which furnished 1.5 times the sulfur present im 
0.6 per cent of methionine. At frequent intervals throughout 
the experiment samples were subjected to Okuda titrations in 
order to make certain that the animals were receiving more sulfur 
as homocysteine than the controls were getting in the form of 
methionine. ood which had remained in the eages for a day gave 
intense nitroprusside tests, thus indicating the presence of sulf- 
hydryl groups. Furthermore, the diets which contained homo- 
cysteine and cysteine hydrochloride were mixed each day, and 
the uneconsumed residues were discarded before fresh food was 
placed in the cups. ) 

The vitamin B factors were supplied in the form of two pills 
daily. In the earlier experiments, each pill contained 75 mg. of 
milk coneentrate and 50 mg. of tikitiki extract. We have used 
these materials in several hundred tests, and have found them 


' In the preparation of Mixture X \-a, double quantities of the synthetic 
amino acids were used, except in the case of d/-phenylalanine, in order to 
allow for the unnatural enantiomorphs. As has been pointed out else- 
where (cf. Rose (1937)), d- and /-phenylalanine are equally effective for 
growth purposes. 

?The d and / forms of methionine are essentially interchangeable in 
metabolism (cf. Rose (1938)). 
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satisfactory for feeding trials of relatively short duration (50 
days). Inasmuch as the experiments herein described did not 
exceed 44 days, the vitamin supplements seemed quite adequate 
for the purpose. However, their use in this particular investiga- 
tion led to peculiar and unexpected results, the true significance 
of which would not have been appreciated but for accidental cir- 
cumstances as described below. 

After a number of tests with each of the sulfur-containing amino 
acids had been completed, we learned through a personal com- 
munication from Dr. Vincent du Vignesud that he had = con- 
ducted similar experiments, but with results which did not agree 
with ours. The divergence in findings was not attributable to 
differences in the nitrogenous components of the diets, inasmuch 
as Dr. du Vigneaud had employed essentially our mixture of 
amino acids (Mixture X X\-a), the composition of which had been 
furnished to him for another purpose. A comparison of the ex- 
perimental conditions made use of in the two laboratories revealed 
the fact that the only inequality that might have influenced the 
outcome of the tests was in the nature of the materials which 
furnished the vitamin B factors. Instead of tikitiki and milk 
concentrate, Dr. du Vigneaud had administered 25 mg. of ryzamin- 
B, and 0.02 mg. each of thiamine chloride, riboflavin, and nicotinic 
acid per animal per day. It was agreed, therefore, that each 
group of workers should repeat the experiments, using the vitamin 
supplements of the other. Accordingly this was done, and the 
results obtained in this laboratory are outlined below.4| Where 
reference is made to the two types of pills employed as sources 
of the B factors, they are designated as vitamin Supplement 1 
and vitamin Supplement 2. The former consisted of tikitiki and 
milk concentrate, while the latter was composed of ryzamin-B 
and the crystalline vitamins. 


’ Mixture XX, which is identical in composition with Mixture A X-a 
except that it contains appropriate quantities of cystine and methionine, 
has been used extensively in this laboratory. Its composition is based 
upon experience gained in a large number of investigations involving widely 
different proportions of the nineteen nitrogenous components. It has not 
been described previously. 

‘ By prearrangement, the data from the two laboratories are submitted 
simultaneously for publication. 
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CHART I (93) 


HOMOCYSTINE AND GROWTH 
Litter 1 


(90) 


33800 (57) 
3381¢ (62) 


3382? (55) 
33832 (58) 
33840 (59) 


i 
33852 (60) 


(63) 


33870 (56) 
33880 (57) 


10 


| 


(38) 


Cuarr I. The numbers in parentheses denote the initial and final 
weights of the rats. At the beginning of the experiments the animals 
were placed on a diet devoid of both methionine and eystine. ‘The arrows 
indicate the points at which dietary alterations were made as follows: 
At the single arrows, Rats 3380 and 3381 received 0.6 per cent of dl-methio- 
nine; Rats 3382 to 3386, 0.54 per cent of d/-homocystine; and Rats 3387 and 
3388, 0.48 per cent of l-cystine. At the double arrows the homocystine 
Was increased to 1.08 per cent. All of the animals of Litter 1 received 
Vitamin Supplement 1. 
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Six litters, or a total of 55 young rats, were used. The findings 
are summarized in Charts I to IV, and in Tables III and IV. 
Invariably, the animals were first placed upon the basal diet 
(Diet 1) for a period of 12 days, during which time they rapidly 
declined in weight. They were then transferred to the experi- 
mental diets. In each chart the two upper and the two lower 
curves represent the growth of the controls, which received 
methionine without cystine (Diet 2) and cystine without metlio- 
nine (Diet 3) respectively. The intervening curves demonstrate 
the effects of the compounds under investigation. 

Chart I shows the response of animals to the inclusion of 
homocystine in the food when the B factors were furnished in 
the form of vitamin Supplement 1. At the single arrows, 1 
equivalent of dl-homocystine was introduced into the ration 
(Diet 4). Slow growth ensued. At the double arrows, the amino 
acid supplement was increased to 2 equivalents (Diet 5), but the 
rates of gain were not thereby further accelerated. It is evident 
that under the conditions specified, homocystine is greatly superior 
to cystine, but is decidedly inferior to methionine. 

Similar tests were carried out with a second litter (Litter 2) 
except that vitamin Supplement 2 furnished the B factors. In 
order to conserve space, the growth curves are not reproduced, 
but the average daily changes in body weight and the average 
daily food intakes of the animals are summarized in Table IIT. 
The four rats which received homocystine showed total gains 
during 20 days of +2, +2, +3, and —4 gm. respectively. The 
corresponding animals of Litter 1 during 20 day periods increased 
in weight by 10, 11, 9, 7, and 10 gm. respectively. In order to 
exclude the possibility that the unequal response of the two groups 
was associated with inherent differences in growth ability, experi- 
ments were conducted upon a third litter. Some of these re- 
eeived vitamin Supplement 1 while the others received vitamin 
Supplement 2. The results are presented in Chart II. As will 
be observed, two of the three animals which ingested tikitiki and 
milk concentrate (Supplement 1) gained, while the three upon 
ryzamin-B and the crystalline vitamins (Supplement 2) barely 
maintained their weights. Rat 3919 was exceptional in that it 
grew only 1 gm. in 20 days, despite the administration of the more 
favorable of the two types of supplements. In no other instance 
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Rat No. and sex 


Litter No. 


33817 12 


33822 12 


3380 9 12 


33867 12 


12 


3388 12 
20 

12 

2 37109 12 
20) 

12 
21) 

371209 12 
20) 


* For composition 
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TABLE III 
Average Daily Changes in Weight and Average Daily Food Intakes of 
Experimental Animals 


Diet No.t 


Sen i. 


Go 


Litter No. 


linued 


oe ia =) 
|e| | | 2 
Oi< > 
gm. gm, | 
371307112 |—1.42) 2.1 | 2 | 1 
20 +0.10' 2.3; 2) 4 
37149112 |—1.66) 1.8 | 2/1 
20 '+0.15' 2.212) 4 
37159 112 |—-1.09| 2.5 | 2/1 
200 |—0.20 2.0: 2/4 
37160712 |—1.00} 2.5 | 2/1 
2.8 | 2) 3 
37172 12 |—1.50! 2.312) 1 
20 _—0.20 2.5 | 2) 3 
390159'12 —1.66' 2.3 |2 1 
20 3.7 | 2) 2 
391697 12 —1.92) 2): 1 
20 3.8 | 2/| 2 
39179 12 |—1.66| 2.0/1) 1 
20 +0.40' 2.5 :1 
39189 12 —1.50! 1 
20 2.4/1 4 
391997 _—1.66) 1 
20 '+0.05) 2.4; 1) 4 
3920 9 112 |-1.75, 2.3 | 2} 1 
20 |+0.10) 2.3!214 
38921712 |—1.75, 2.3 | 2 1 
20 4 
3922 9 12 |-1.87| 1 
20 '—0.05' 2.1 4 
3923 9/12 _—1.66) 2.1 | 2/ 1 
20 —0.20 1.8 | 3 
39247712 |—-1.75 2.3:2/) 1 
20 '—0.25;) 2.0 | 2 | 


of vitamin Supplements | and 2, see foot-note to 


+t Diet 1, no amino acid supplement; Diet 2, methionine; Diet 3, cystine; 
Diet 4, 1 equivalent of homocystine; Diet 5, 2 equivalents of homocystine. 
t Rat 3716 died on the 18th day of cystine administration. 
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CHART II (70) 
HOMOCYSTINE AND GROWTH 

Litter 3 
39159 (58) 
3916s (685) 

3917¢ (64) 
3918¢ (59) 
3919¢ 
39202 
3921¢__(67). 
39222 (62) 
3923¢_ (57) 
39240 (64) 
days=> 

CuartT Il. The numbers in parentheses denote the initial and final 
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weights of the rats. 


were placed on a diet devoid of both methionine and cystine. 
indicate the points at which dietary alterations were made as follows: 
Rats 3915 and 3916 received 0.6 per cent of dl-methionine; Rats 3917 to 
3922, 0.54 per cent of dl-homocystine; and Rats 3923 and 3924, 0.48 per cent 
Rats 3917 to 3919 received vitamin Supplement 1; all others, 
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CHART III 
HOMOCYSTEINE AND GROWTH 


Litter 4 


34400 (62) 


24410 (64), 


244282 (59) 
34439 (58) 


34448 (56) 


3445¢ (56) 


2446¢ 

24472 (53) 


(54) 


(32) 
(35) 


Cuart III. The numbers in parentheses denote the initial and final 
Weights of the rats. At the beginning of the experiments the animals 
were placed on a diet devoid of both methionine and cystine. The arrows 
indicate the points at which dietary alterations were made as follows: 
Rats 3440 and 3441 received 0.6 per cent of di-methionine; Rats 3442 to 
3446, 0.85 per cent of dl-homocysteine; and Rats 3447 and 3448, 0.48 per 
cent of l-cystine. All of the animals of this litter received vitamin Sup- 


plement 1. 
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CHART IV 76) 
THIOLACTONE OF HOMOCYSTEINE 
AND GROWTH (82) 
Litter 5 


days 


1 
4028¢ (55) 


4029¢ (63) 
4030¢ (57) 
40312 (56) 
4032¢ (65) 
40338 (57) 
40340 6(57) 
4035¢ (64) 
4036¢ (58) 
40372 (52) 


(35) 
(34) 


Cuart IV. The numbers in parentheses denote the initial and final 
weights of the rats. At the beginning of the experiments the animals 
were placed on a diet devoid of both methionine and cystine. The arrows 
indicate the points at which dietary alterations were made as follows: 
Rats 4028 and 4029 received 0.6 per cent of dl-methionine; Rats 4030 to 
4035, 1.24 per cent of the thiolactone of dl-homocysteine hydrochloride; 
and Rats 4036 and 4037, 0.48 per cent of l-cystine. Rats 4030 to 4032 re- 
ceived vitamin Supplement 1; all others, vitamin Supplement 2. Rat 4034 
died on the 11th day of the thiolactone administration. 
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Average Daily Changes in Weight and Average Daily Food Intakes of 
Experimental Animals 


Rat No. and sex 


Litter No. 


34400 


344107 
34429 
3443 
34459 
3446 9 
34479. 
3448 9 

5 402807 
4029 
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12 
20) 
12 
20 
12 
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12 
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* ‘ 
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| oO 


con- 
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igt 128 
gm. gm. 
4033 912 |—1.25) 2.50 
” 0 1.95 
4034o97 12 —1.41) 2.25 
lit —0.36 1.55 
40357 12 ~—1.50 2.50 
20 —0.05 2.00 
403690 12 —-1.41 2.25 
20 —0.30 1.95 
1037 9 |\—1.17) 2.25 
20 —0.20 1.90 
32329 12 —1.50) 3.41 
20 +2.15 4.75 
323397 12 —1.58 2.42 
20 +2.00 4.60 
32349 12 —1.41) 2.58 
20 —0.05 1.85 
32359 12 —1.50 2.58 
20 —0.10 2.05 
32369 12 —1.58 2.92 
20 —0.15 2.05 
323797 12 —1.67 2.58 
20 |—0.10| 2.20 
323897 12 —1.83 2.58 
20 +0.05 2.00 
32392 12 —1.50 2.66 
20 —0.20 1.95 
324097 12 —1.67 2.50 
20 —0.15 


Vitamin supplement* 


2, see foot-note to 


+ Diet 1, no amino acid supplement; Diet 2, methionine; Diet 3, cystine; 
Diet 6, homocysteine; Diet 7, 2 equivalents of homocysteine thiolactone 
hydrochloride; Diet 8, cysteine hydrochloride. 

t Rat 4034 died on the llth day of the thiolactone adminstration. 
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did the combination of homocystine and Supplement 1 induce so 
slight a gain. Occasional individual variations of this nature are, 
of course, not uncommon in growth studies, particularly when 
the diets are of inferior quality. 

In Chart IIT is shown the effeet of homocysteine. All of the 
animals of this litter (Litter 4) received vitamin Supplement 1. 
Under these conditions, the experimental subjects grew about 
one-third as rapidly as the methionine controls. The tests were 
not repeated with vitamin Supplement 2. However, in view of 
the findings with the thiolactone of homocysteine, as described 
below, there is every reason to assume that,had such feeding trials 
been conducted, the growth rate would have been impeded. 

The effect of the thiolactone of dl-homocysteine hydrochloride 
is illustrated by the curves in Chart IV. Of the six animals which 
received this compound, Rats 4080 to 4032 ingested vitamin 
Supplement 1, while Rats 4033 to 4035 received vitamin Supple- 
ment 2. The contrast between the two groups is quite striking. 
With Supplement 1, the animals slowly gained. With Supple- 
ment 2, one animal declined rather rapidly, and died on the 
lith day of the thiolactone administration, while the other two 
scarcely maintained their weights. I’vidently, the physiological 
availability of the thiolactone, lke that of homocystine, is in- 
fluenced by the nature of the vitamin supplement. This point 
will be referred to later. 

One litter of rats (Litter 6) was used for the tests with cysteine 
hydrochloride. This compound proved to be incapable of main- 
taining the weights of the subjects, even when vitamin Supplement 
| was furnished. In Table IV are recorded the average daily 
changes in weight and the average daily food intake of each in- 
dividual. It will be observed that while each of the methionine 
controls gained more than 2 gm. per day, the animals which re- 
ceived cysteine hydrochloride slowly declined. Indeed the data 
are quite comparable to those which were obtained with the cystine 
controls (Rats 3239 and 3240). Inasmuch as vitamin Supplement | 
failed to permit growth, the tests were not repeated with vitamin 


Supplement 2. 


DISCUSSION 


The experiments outlined above demonstrate that homocystine, 
homocysteine, and the thiolactone of homocysteine hydrochloride, 
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contrary to the behavior of these compounds when administered 
to eystinuric patients, exert comparable effects in so far as growth 
is concerned. On the other hand, cysteine is similar to cystine, 
in that it is totally incapable of meeting the needs of animals 
deprived of methionine. However, the most remarkable observa- 
tion resulting from the above investigation is the peculiar and 
unexpected difference manifested by the subjects receiving the 
two types of vitamin supplements. Hitherto, no analogous varia- 
tion has been noted in the growth response of animals ingesting 
constant proportions of dietary amino acids. 

Several years ago Osborne and Mendel (1914) remarked, ‘That 
the tissues either form a typical protoplasmic product, or none at 
all, now seems to be axiomatic in physiology.’ If this statement 
is accepted as true, it follows necessarily that compounds which 
induce growth in the absence of an indispensable amino acid must 
be transformed into the latter by the organism. Evidently, 
homocystine, homocysteine, and the thiolactone of homocysteine 
hydrochloride are capable of yielding methionine when vitamin 
Supplement 1 is a component of the food. However, the reaction 
proceeds much less readily when vitamin Supplement 2 serves as 
the source of B factors. That the difference is not to be accounted 


for by the presence of small quantities of methionine in Supple- 


ment 1 was shown by adding 0.1 per cent of this amino acid to 
Diet 8. Despite the fact that this quantity of methionine ex- 
ceeded that which could have been present in the daily allowances 
of tikitiki and milk concentrate, as measured by the total organic 
sulfur of these materials, the growth of the subjects was far less 
than that induced by cither homocystine, homocysteine, or the 
thiolactone. 

Obviously, methionine synthesis from the compounds in ques- 
tion involves the methylation of the sulfhydryl or disulfide group. 
Whether this reaction is a difficult one for the organism to accom- 
plish, or whether the subnormal growth in our experiments is to 
be accounted for by an inadequate intake of an active agent, 
eannot be determined from the data. The findings serve to 
emphasize the extreme caution with which one must interpret the 


» At the Toronto meeting of the American Society of Biological Chemists, 
April 26-29, 1939, du Vigneaud and his associates (1939) demonstrated the 
remarkable fact that choline is an effective methylating agent in the forma- 
tion of methionine from homocystine or homocysteine. 
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results of growth studies in which crude vitamin preparations are 
used. Until all of the “accessory substances” are available in 
crystalline form, one should not overlook the possibility of the 
presence in the food of contaminants which may be instrumental 
in the synthesis by the organism of essential dietary components. 


SUMMARY 


The growth effects of dl-homocystine, dl-homocysteine, the 
thiolactone of dl-homocysteine hydrochloride, and = l-cysteine 
hydrochloride have been investigated in young rats by the use of 
diets containing mixtures of highly purified amino acids. The 
results demonstrate that the addition of l-cysteine hydrochloride 
to a ration devoid of cystine and methionine fails to improve the 
nutritive quality of the food. The subjects decline in weight at 
a rate comparable to that which occurs when cystine is furnished 
in the absence of methionine. 

Under like conditions, the effects of homocystine, homocysteine, 
and the thiolactone of homocysteine hydrochloride depend upon 
the nature of other components of the food. When the vitamin 
B factors are supplied in the form of tikitiki and milk concentrate, 
either of the three compounds enables the animals to gain, but at 
distinctly subnermal rates. On the other hand, when thiamine 
chloride, riboflavin, nicotinic acid, and small amounts of ryzamin- 
B serve as the sources of the vitamin B factors, maintenance or 
even loss in weight occurs. Evidently, the ability of the organism 
to synthesize methionine out of the compounds in question is 
facilitated to a greater extent by one type of supplement than by 
the other. 
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METHIONINE IN THE DIET 
By VINCENT pu VIGNEAUD, HELEN M. DYER, anp 
MARIAN WOOD KIES 
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Various studies within the past few years have focused attention 
on the metabolic relationship between the sulfur-containing amino 
acids, methionine, homocystine, and cystine. The surprising 
observation of Jackson and Block (1) with regard to methionine 
being able to serve in leu of cystine to promote the growth of 
animals kept on a cystine-deficient diet aroused interest in the 
methionine-cystine relationship. The preparation of homo- 
cystine (2) and the recognition that it, like methionine, could 
support growth of animals on a cystine-deficient diet brought 
homocystine into consideration as being related metabolically to 
these other two amino acids (3). Further work with other homo- 
logues of cystine, such as pentocystine (4) and hexocystine (5), 
pointed to the uniqueness of the behavior of homocystine. The 
metabolic importance of homocystine gradually emerged from this 
and other work (6-17). This has transpired even though homo- 
eystine has never been isolated from natural sources. However, 
Virtue and Lewis (6) observed that after the feeding of methionine 
to rats and rabbits a positive test for the disulfide linkage was 
obtained in the urine, although the Sullivan test for cystine was 
negative; this led them to offer the hypothesis “*.. . that a primary 
reaction in the metabolism of methionine is demethylation to 
yield the next higher homologue of cysteine (homocysteine) and 
that 2 molecules of this compound by oxidation form homocystine 
which is excreted in small amounts in the urine.”’ 


325 


j 

| || 


326 Utilization of Homoeystine 

The growth studies just mentioned were carried out with diets 
which were fashioned after the one used by Osborne and Mendel 
(18) in their classical studies of the ‘“‘essential nature” of cystine. 
Thus the diets were low in protein content and the protein em- 
ployed was casein which was known to have a very small cystine 
content. In the work of Jackson and Block the vitamin B supple- 
ment was furnished in the form of yeast and yeast extract, whereas 
in the other growth studies mentioned the milk vitamin concen- 
trate of Supplee, Kahlenberg, and Flanigan (19) which = corre- 
sponds to the so called “‘protein-free’’ milk of Osborne and Mendel, 
was employed. 

From the available data in the literature on the methionine and 
cystine contents of casein (20, 21) and from the amount of food 
intake of the rats maintained on the casein-milk -vitamin concen- 
trate diet it can be seen that the animals received approximately 
1 mg. of cystine and 10 mg. of methionine per day from the casein. 
Additional small amounts of cystine and methionine were afforded 
by the milk vitamin concentrate. With such a basal diet 20 mg. 
of additional cystine daily were required to produce optimum 
growth. An equivalent amount of homocystine or methionine 
enabled the animal to grow as well as when the cystine was given. 
The experiments were carried on over fairly long periods of time, 


the animals laid down new tissue, and to all appearances were 


just as well off as the animals which had received cystine. The 
obvious inference was that cystine must have been synthesized 
at the expense of methionine or homocystine, unless one considered 
that approximately 1 to 2 mg. of cystine per day sufficed to supply 
the cystine requirements of the tissues of the growing white rat. 
However, there was no evidence available as to whether homo- 
cystine could be converted into methionine. The high content of 
methionine in the casein diet precluded the possibility of drawing 
any conclusion with regard to this point. 

The investigations of Rose and his collaborators (22) have now 
brought clean cut evidence to bear on the necessity of methionine 
being present in the diet. By using a diet containing amino acids 
in place of protein, they were able to leave methionine out of the 
diet except for the traces present in the vitamin supplement. 
Their studies showed that animals failed to grow in the absence 
of methionine, even though cystine was plentifully supplied. 
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They were also able to demonstrate that animals with no cystine 
in the diet, except that present in the supplements, grew when 
sufficient methionine was furnished. On the other hand, with 
amounts of methionine insufficient to produce optimum growth, 
cystine was found capable of bringing about an increased rate of 
growth. 

It now becomes clear that in the earlier studies referred to, in 
which the low casein diet was employed, the diets must have con- 
tained just enough methionine to furnish the methionine needs of 
the body as methionine. Otherwise addition of cystine could not 
have resulted in growth. However, the amount of methionine in 
the casein diet Was insufficient to take care of the eystine require- 
ments as well. Addition of methionine, homocystine, or cystine 
therefore allowed growth to take place. It therefore became even 
clearer by the use of the amino acid diet that a conversion of 
methionine to cystine must have been brought about, since the 
mg. of cystine which had been supplied by the casein in the casein 
diet had been eliminated, as well as a goodly portion of the cystine 
in the vitamin supplement. 

We have continued to refer to these casein diets as cystine- 
deficient diets, rather than methionine or methionine-cystine- 
deficient, since they are methionine-sufficient when adequate 
cystine is supplied. In this way one can differentiate between 
these diets and those which are frankly deficient in methionine no 
matter how much cystine is supplied, as in the amino acid diets 
devoid of methionine (22) and in the arachin diet of White and 
Beach (23) in which the protein is extremely low in methionine 
content. Work on the supplementation of the latter diet con- 
firmed the observation of Rose and coworkers (22) that the pres- 
ence of methionine was necessary in the diet of the white rat. 

Since it seemed clear that methionine and homocystine must in 
some manner be capable of conversion in the body to cystine, 
the question of the mechanism of this reaction had attracted our 
attention for some time. ‘Two diametrically opposed possibilities 
exist, first that only the sulfur of methionine and homocystine 
appears in the cystine molecule, and second that the degradation 
from a 4-carbon chain to the 3-carbon is such that not only the 
sulfur appears in the cystine but that the 6- and y-carbon atoms 
of the methionine and homocystine become respectively the 
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a- and 6-carbon atoms of the cystine synthesized. Without going 
further into the details of these theories at the present time, it 
might suffice to state that the present investigation was an out- 
growth of an attempt to bring evidence to bear on this question 
by labeling in particular the y-carbon of homocystine and _ of 
methionine with deuterium (24). We hope to present the results 
of the metabolic studies of these compounds at a later time. The 
investigation reported here was the result of an unexpected finding 
while we were studying the growth-promoting power of deutero- 
homocystine and deuteromethionine. 

As previously stated, the question was still unanswered as to 
whether homocystine could be converted to methionine, although 
much evidence has accumulated that homocysteine is an inter- 
mediate in the catabolism of methionine. If homocystine were 
found to support growth when added to the amino acid diet devoid 
of methionine, evidence would be afforded for the conversion of 
homocystine to methionine. 

Through private communication with Professor Rose we had 
learned that he was investigating this question with his diet and 
had found that homocystine could support subnormal growth in 
the absence of methionine. At the same time he generously sug- 
gested our adoption of his amino acid diet for the metabolic studies 
with deuteromethionine and deuterohomocystine in which we 
were interested. 

In adopting Rose’s diet for our purposes we decided to use a 
vitamin supplement which would eliminate still further the pres- 
ence of extraneous sulfur compounds, and we set about to find a 
vitamin supplement which would supply the vitamins with as 
little extra sulfur as possible. After a number of preliminary ex- 
periments, we selected a daily supplement containing 0.02 mg. of 
crystalline thiamine chloride, 0.02 mg. of riboflavin, and 0.02 mg. 
of nicotinic acid with 25 mg. of ryzamin-B' as a source of the other 
B factors. Rose had used 100 mg. of tikitiki and 150 mg. of milk 
vitamin concentrate. We found that our supplement supported 
the growth of rats on an I8 per cent casein diet In apparently nor- 


' An aqueous acetone extract of rice polishings prepared by Burroughs 
Wellcome and Company. We wish to thank Dr. R. C. Page for furnishing 
us with the ryzamin-B which was used in these studies. 
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mal fashion and the animals showed no signs of any vitamin B 
deficiency. 

As a preliminary experiment we decided to test the ability of 
our rats to grow with methionine supplements to the basal amino 
acid diet, since we were using a different source of vitamin B 
factors from that which had been used by Rose. The animals were 
found to grow with deuteromethionine or with methionine, but, 
when deuterohomocystine or homocystine was used in place of 
methionine, the animals failed entirely to grow. 

This was rather surprising in view of the results which Rose had 
obtained on his amino acid diet, those which White and Beach (23) 
had reported with an arachin diet, and those which Brand (25) 
had found with an amino acid type of diet. In these investigations 
homocystine had been found to support growth when substituted 
for methionine. 

One of the possible sources of the apparently contradictory 
results was the fact that different materials had been used to 
furnish the vitamin factors. Rose had used for his studies a mix- 
ture of milk vitamin concentrate and tikitiki, while Brand had 
used yeast and milk vitamin concentrate. It was a little more 
difficult to compare our results with those of White and Beach, 
since they had used arachin containing 0.5 per cent methionine. 
As a source of the vitamin B complex they had used 100 mg. of 
ryzamin-B plus 100 mg. of powdered liver extract (No. 348, 
Eli Lilly and Company). 

Additional studies were therefore planned in an endeavor to 
test the possibility that the ability of homocystine to substitute 
for methionine for growth is dependent upon the presence of some 
factor in the supplements used to provide the vitamin B complex. 


EXPERIMENTAL 


The composition of the basal diet used in this work is shown in 
Table I. The composition of the amino acid mixture is presented 


in Table Il. With a few exceptions, it is identical in make-up 


to the amino acid mixture elaborated by Rose and suggested for 
our use by him. ‘The amino acid mixture in Table II was used as 
given in all experiments with the following exceptions. For our 
first two litters 0.7 per cent dl-threonine was used. Earlier studies 
with threonine had shown that supplements of 0.4 per cent of the 
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naturally occurring form supported considerable growth of young 
rats (26). In our later experiments, however, we used 1.4 per 


TABLE I 


Composition of Diet 


Amino acid mixture 22.6 
Dextrin.. | 25.4 
Sucrose. 15.0 
Salt mixture* 1.0) 
Agar... 2.0) 
Cod liver oil... 5.0 


* Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 572 (1919). 
TABLE II 
Composition of Amino Acid Mixture 


Final per cent 


in diet 

dl-Alanine.._... 0.4 
dl-Valine 2.0 
l(—)-Leucine (+ 14°) | 1.6 
dl-Isoleucine. 1.8 
l(—)-Proline... 0.2 
l(—)-Hydroxyproline 
dl-Phenylalanine. 1.5 
{(+-)-Glutamic acid 2.0 
i(—)-Aspartic acid 0.2 
di-Serine 0.2 
1(—)-Tyrosine | 1.0 
0.7 
((+-)-Arginine- HCl 0.6 
dl-Lysine-2HCI] 4.5 
/(—)-Tryptophane 0.4 
| 
Sodium bicarbonate a 3.9 
Total. . | | 22.6 


cent to obtain optimum growth. The leucine employed was partly 
racemized in the process of freeing it entirely of contamination 
with sulfur-containing materials. The concentration of this 
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amuno acid in the diet varied, depending on the rotation of the 
particular batch of leucine used. 2.1 per cent of leucine of rotation 
[a]2° = +7° and 1.6 per cent of leucine of [a]? = +14° were used, 
whereas Rose used 2.6 per cent of synthetic leucine. It might also 
be mentioned that we used the dihydrochloride of lysine in place 
of the monohydrochloride employed by Rose, and consequently 
the NaHCO; was increased. When an amino acid supplement 
was administered, it was mixed into the diet in place of an equal 
weight of dextrin. The vitamin B factors were furnished in two 
daily pills, each pill containing 0.01 mg. of thiamine chloride, 
0.01 mg. of riboflavin (synthetic), 0.01 mg. of nicotinic acid, 12.5 
mg. of ryzamin-B, and 100 mg. of dextrin. Litter I consisted of 
six rats. The experiment with this litter will not be deseribed in 
detail since the growth behavior of these animals led to the more 
complete investigations which are presented in detail. To con- 
serve space the growth curves of only Litter IV will be presented. 
However, the data on the growth changes of Litters II and III 
are given in Tables I1I and IV. 

The plan of the preliminary experiment was to feed deutero- 
methionine to half of the group of animals and ordinary methio- 
nine to the other half. After the animals had grown sufficiently, 
the tissues were to be analyzed to see whether any deuterocystine 
could be found. We hope to report on this at a later time. 

The animals on 1.4 per cent deuteromethionine and methionine 
grew excellently. However, when 1.25 per cent deuterohomo- 
cystine and homocystine were used to replace the methionine, the 
animals lost weight. Since these animals were used for a contin- 
uation of the deuteromethionine feeding experiment, another litter 
Was started to investigate the failure of the animals to grow with 
homocystine. 

In this next experiment a litter of nine rats was used. During 
8 days on the basal diet the animals all lost weight rapidly. 
Rats 662, 663, and 668 were then given methionine. They began 
to grow. Rats 660, 666, and 669, which were given supplements 
of homocystine, failed to respond with growth. Rats 661 and 
667 were kept on the basal diet, and Rat 665, which was given 
cystine as a supplement, continued to lose weight. 

Thus the finding that homocystine could not support growth in 
lieu of methionine in the diet employed was confirmed. The 
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growth changes and food consumption are given in Table III. 
Suspecting that the different vitamin B source might explain the 
failure of growth with homocystine, we felt it would be interesting 
to try the vitamin supplement used by Dr. Rose. Dr. Rose very 
kindly sent us a sample of the tikitiki extract which he had used in 
conjunction with milk vitamin concentrate to supply the vitamin 
B factors. These supplements were then employed with Litter 
II, as indicated in Table II]. Rat 669, after receiving the mix- 
ture of tikitiki and milk vitamin concentrate, stopped losing weight 
and actually began growing in an irregular manner, while Rat 662 
on the new source of vitamin B continued to grow when changed 
from the methionine supplement to the homocystine but not at 
quite as fast arate. As has been mentioned, these first two litters 
had been given a diet containing 0.7 per cent dl-threonine. At 
the 44th day of the experiment, the threonine of the diet was 
increased to 1.4 per cent, but little if any increase in growth rate 
resulted. 

Rat 665 which had been given homocysteine subcutaneously 
also failed to grow on our vitamin supplement. This was ad- 
ministered to test the possibility that failure in reduction of homo- 
cystine might account for the lack of growth with homocystine 
in conjunction with our vitamin B mixture. 

The results suggested that there might be a relation between the 
vitamin B source and the ability of the animal to use homocystine 
in hieu of methionine. Another experiment with a new litter was 
started to investigate this more thoroughly. 

Litter III consisted of eight rats. As shown in Table IV, 
Rats 675 and 677 receiving methionine grew equally as fast re- 
gardless of supplement. Rat 676 receiving our vitamin B mixture 
plus milk vitamin concentrate and Rat 678 receiving our B mix- 
ture plus tikitiki grew little if any for the first 20 days, after which 
they grew but not at as accelerated a rate as Rats 679 and 673 
which received in addition to homocystine the combination of 
tikitiki and milk vitamin concentrate. The growth changes, the 
amount of methionine and homocystine fed, the supplements fed, 
and the food consumption, are given in Table IV. 

Litter IV was begun in order to make a direct comparison of the 
growth behavior of rats receiving homocystine, and the vitamin 
B factors in tikitiki extract and milk vitamin concentrate on the 
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TABLE II] 


Growth Changes and Food Consumption of Litter Il 


Days 


Amino acid supplement 


Basal only 


0.562% cystine 
45 mg. homocysteine 
daily (subcutane- 
ous ) 
Basal only 
0.625°% homocystine 
1.25% 
Basal only 
0.625% homocystine 
1.25% 
1.25% 


Basal only 

homocystine 
1.25% 
1.25% 
Basal only 

0.7%) methionine 
1.4% 

1.259% homocystine 
Basal only 

0.70% methionine 
1.4% 

] 4% 

Basal only 


methionine 
45 mg. homocysteine 


(subcutaneous) 


Basal only 


Vitamin supplement* 


B mixture 
Tikitiki + m.v.e. 
mixture 


Tikitiki + B mixture 


B mixture 


M.v.c. + 0.02 mg. thi- 


amine daily 
B mixture 


sé 


Tikitiki + m.v.e. 


mixture 


se ae 


‘ 


Tikitiki + m.v.e. 


B mixture 


ae 


Tikitiki + m.v.c. 


B mixture 


to 


bO 
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3 
3 
3.9 
4 
3 
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333 


age 
daily 


change 


in 
weight 


— 


= 0.02 mg. of crystalline thiamine chloride, 0.02 mg. of 
riboflavin, and 0.02 mg. of nicotinic acid with 25 mg. of ryzamin-B as a 
= milk vitamin concentrate (19). 
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one hand, and with those receiving homocystine, and the vitamin 
B factors in thiamine chloride, riboflavin, nicotinic acid, and 
ryzamin-B on the other. The animals received 1.4 per cent dl- 


TABLE IV 
Growth Changes and Food Consumption of Litter I1l 


Average 


daily Ayeraee 
Days Amino acid supplement Vitamin supplement* change 
weight 
gm. gm. 
67492 1-52 Basal only Tikitiki + m.v.e. 3.0 —0.6 
8-21 0.625°, homocystine 3.6 —0.1 
21-48 1.25% 4.0 +1.1 
48-50 Basal only 5.0 0 
8-21 0.625°, homocystine 40 +0.4 
21-48 | 1.25% 5.4 | +1.4 
48-51 Basal only 3.8 | —2.6 
848 0.7% methionine 5.9 +1.9 
6762 1-8 Basal only M.v.e. + B mixture 4.2 | -—1.5 
8-21 0.625°% homocystine 4.1 0) 
21-48 | 1.25% 3.4 +0.8 
48-56 Basal only 29 
6759 | 1-8 3.1 —2.1 
848 0.79) methionine 5.7 | +1.8 
48-56 Basal only -2.4 
678s’ 1-8 Tikitiki + Bomixture 3.2 —1.7 
8-21 0.625°, homocystine 9.3 | +0.1 
21-48 1.25% 4.4 +0.8 
48-56 Basal only 2.2} 
8-39 0.7% methionine 6.3 | +2.1 


*B mixture 


source of the other B factors: m.v.ec. 


threonine in the diet. 


= 0.02 mg. of crystalline thiamine chloride, 0.02 mg. of 
riboflavin, and 0.02 mg. of nicotinic acid with 25 mg. of ryzamin-B as a 
= milk vitamin concentrate (19). 


Charts I and II present the growth curves. 


The growth curves presented in Chart [ are those of the four rats 
which received the vitamin B factors from the ryzamin-b, cte., 
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while the curves shown in Chart II are those of the five rats which 
received the B factors in the tikitiki extraet plus milk vitamin 


TABLE V 


Food Consumption, and Appearance of Liver and Kidney on Autopsy 
of Litter IV 


Rat 
Days Amino acid supplement Vitamin supplement*® 
= 
gm. 
691 2 I-31 Basal only Tikitiki + m.v.c, 2.44 + 
mari i-g * 44: 44. 
8 16 0.5620, l-eyvstine 2.4 
16-31 1.124e% 2.1 
680 2 Basal only 3.6++4++4+ 
0.6290, homocystine 4.1 
16-31) 1.25% 3.9 
693 1- Basal only 3.6+++) + 
31 0.6299) homoeyvstine 3.6 
697 Basal only 3.9 + 
0 7°) methionine 5.0 
694 7 1 Basal only B mixture 3.4+44+ 
8-16 0.562% I-cystine 2.1 
16-31, 1.124% 2.5 
690 1-8 Basal only 3.0 ++ +++ 
16 0.629% homocystine 2.9 
16-31; 1.25% 1.9 
606 7 Basal only 4.0+++ ++ 
8-31 0.629% homocystine 3.0 
692 2 1- 8 Basal only 3.0+++ + 
8-31 0.7° methionine 4.5) . 
*B mixture = 0.02 mg. of crystalline thiamine chloride, 0.02 mg. of 
riboflavin, and 0.02 mg. of nicotinic acid with 25 mg. of ryzamin-B as a 
source of the other B factors; m.v.c. = milk vitamin concentrate (19). 


++ pale but not yellow; ++ yellow in part; +++ very yellow and 
hemorrhagic. 

~ — normal; + pale but not discolored; ++ vellowish; +++ vellowish 
with greenish areas. 


concentrate. In Table V is recorded the average daily food con- 
sumption of each experimental animal. 
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Upon autopsy several of the animals were found to have livers 
which were yellowish in color, with a few dark congested areas. 


NUMBER AND SEX OF RAT SHOWN // (82) 
ON EXTREME LEFT. THE NUMBERS IN / 
PARENTHESES DENOTE THE INITIAL AND 
FINAL WEIGHTS OF THE RATS. NUMBERS 
UNDER THE CURVES INDICATE THE PER— 
CENTAGE OF SUPPLEMENT IN THE DIET. -— 
ARROWS INDICATE POINTS OF CHANGE. 


692¢ (65) 


690% (62) 


6066 (70)| 


6945 (65) 


(38) 


(44) 


(40) 


CHuart Il. Relation of supplements furnishing vitamin B factors to the 
utilization of homocystine for growth. The curves represent the growth 
of rats from Litter IV receiving the vitamin B complex from B,, riboflavin, 


nicotinic acid, and ryzamin-B. 


The kidneys were pale and sometimes slightly greenish yellow in 
appearance. The livers of Rats 673 and 679 (Litter IIT) which 
had received homocystine with tikitiki and milk vitamin concen- 
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(92) 
NUMBER AND SEX OF RAT SHOWN os 
ON EXTREME LEFT. THE NUMBERS IN DAYS 
PARENTHESES DENOTE THE INITIAL AND 
FINAL WEIGHTS OF THE RATS. NUMBERS 
UNDER THE CURVES INDICATE THE PER= 
CENTAGE OF SUPPLEMENT IN THE DIET. T 
ARROWS INDICATE POINTS OF CHANGE. z 
+ 
697 ¢ (62) (68) 
689 @ (63) 
693 ¢ (68) 
695 ¢ (67) 
- 691 ¢ (65) (58) 
(48) 
(35) 


CuHart Il. Relation of supplements furnishing vitamin B factors to the 
utilization of homocystine for growth. The curves represent the growth 
rate of rats from Litter IV receiving the vitamin BK complex from tikitiki 
and milk vitamin concentrate. 


trate, were submitted to Dr. Elizabeth Ramsey of the Department 
of Pathology of George Washington University, who gave us the 
following report, for which we wish to express our appreciation. 


‘Microscopic preparations of several portions of the liver of each rat 
(hematoxylin-eosin stain) show essentially the same findings in all areas. 
There is massive, diffuse infiltration of fat which lies within the hepatic 
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cells in most instances. No portion of the anatomical lobule is spared 
though the infiltration tends to be less dense in the regions surrounding 
the hepatic trinity. In those regions where relative absence of fat permits 
visualization of the liver cells these are seen to have undergone extensive 
degenerative change. Their cytoplasm is cloudy and their nuclei are 
generally deeply pyenotic. Similar pyecnosis of nuclei can be made out 
even in the areas of fat infiltration. The liver cells are not entirely nec- 
rotic, there is no autolysis and no pus cell infiltration, but they are obvi- 
ously seriously damaged. Scattered foci of hemorrhagic extravasation 
are observed throughout, some of which are quite extensive.”’ 


The gross appearance of the livers and kidneys of the rats of 
Litter [IV are recorded in Table V. 


DISCUSSION 


The results presented in Charts I and IT and in Tables IIT and 
[IV show clearly that homocystine cannot support the growth of 
the rat on the amino acid basal diet used in these experiments 
supplemented with the vitamin B factors as furnished by the pre- 
scribed amounts of thiamine chloride, riboflavin, nicotinic acid, 
and ryzamin-B. On the other hand, an equivalent amount of 
methionine will support growth under these same experimental 
conditions. In contrast to this complete failure of growth with 
homocystine supplements and our vitamin B mixture, the animal 
is able to grow with homocystine when the basal diet is supple- 
mented by tikitiki extract and milk vitamin concentrate com- 
bined, and also, but perhaps not to so great an extent, when either 
milk vitamin concentrate or tikitiki is given separately as supple- 
ment to the vitamin B mixture. 

Thus there must be present some factor in sufficient concentra- 
tion in 100 mg. of tikitiki and 150 mg. of milk vitamin concentrate 
which is insufficient or lacking in the combination of 0.02 mg. of 
thiamine chloride, 0.02 mg. of riboflavin, 0.02 mg. of nicotinic acid, 
and 25 mg. of ryzamin-B, and which in some way enables the rat 
to utilize homocystine for growth. 

In these experiments homocystine, in the presence of the com- 
bination of tikitiki and milk vitamin concentrate supplements did 
not promote growth as well as did methionine. ‘This difference in 
behavior between methionine and homocystine is quite contrary 
to their behavior when used as supplements to the cystine- 
deficient diets obtained by using a low casein diet. In the latter 
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case homocystine appeared to be just as efficient as methionine. 
In the casein diets, large amounts of milk vitamin concentrate 
were used to furnish the vitamin B complex. 


SUMMARY 


It has been shown that homocystine or homocysteine is in- 
eapable of supporting growth of animals on an amino acid diet 
devoid of methionine and cystine supplemented daily with 0.02 
mg. of crystalline thiamine chloride, 0.02 mg. of riboflavin, and 
0.02 mg. of nicotinic acid with 25 mg. of ryzamin-B as a source of 
the other vitamin B factors. With the same basal diet but with the 
vitamin B factors supplied by tikitiki and milk vitamin concen- 
trate, homocystine was found to support growth. 

Thus evidence has been obtained of the presence of some factor 
or factors present in tikitiki and milk vitamin concentrate which 
is not present in sufficient amounts or is lacking in the vitamin 
mixture of thiamine, mboflavin, micotinie acid, and ryzamin-B 
which makes possible the utilization of homocystine by animals 
on a methionine-deficient diet. 
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A GENERAL METHOD FOR THE SYNTHESIS OF a-AMINO 
ACIDS WITH ETHYL BENZAMIDOMALONATE 


By C. KE. REDEMANN anp MAX 8S. DUNN 


(From the Chemical Laboratory, University of California at Los Angeles, 
Los Angeles) 


(Received for publication, April 17, 1939) 


In 1864 Baeyer (1) prepared aminomalonic acid by the reduction 
of isonitrosomalonic acid with sodium amalgam. When the 
aminomalonic acid was heated in aqueous solution, carbon dioxide 
was evolved and glycine was isolated from the resulting solution. 
Lutz (12) prepared dl-a-amino-n-butyrie acid in 1902 by heating 
a-aminoethylmalonie acid at 125° until decarboxylation had taken 
place. Putochin (14) used ethyl aminomalonate to synthesize 
dl-proline in 1923. In 1929 Keimatsu and Kato (7) synthesized 
aspartic acid from ethyl aminomalonate and ethyl chloroacetate. 
A few years later Loequin and Cerchez (9) condensed alkyl 
halides with the sodium derivative of ethyl aminomalonate in 
absolute ethanol, obtaining the C-substituted alkylaminomalonic 
acid esters in yields of approximately 50 per cent of theory. These 
alkyl-substituted ethyl aminomalonates were then hydrolyzed and 
decarboxylated in a single step, either with water in an autoclave 
at 150° or by refluxing with 10 per cent hydrochloric acid for some 
hours. In this way Loequin and Cerchez (9) have prepared 
dl-leucine, dl-phenylalanine, and dl-a-aminoallylacetic acid. 

The methods mentioned above have certain inherent objection- 
able features. First, the aminomalonie acids are usually prepared 
from ethyl malonate by a suitable series of reactions involving 
several steps giving small over-all yields. Second, when C-sub- 
stituted alkylaminomalonie esters are prepared by the method of 
Loequin and Cerchez, there is apt to be considerable contamina- 
tion from N-alkylaminomalonic esters formed at the same time. 
This conclusion is supported by the observation of Loequin and 
Cerchez (10) that when an acid chloride is used in place of an 


| 
Pal 
| : 
4 
i 
> 
’ 
ad 
% 
i 
k 
& 


342 Synthesis of a-Amino Acids 


alkyl halide only the N-substituted amimomalonic ester results. 
The formation of C- and N-substituted aminomalonic esters thus 
appears to depend on the relative rates of two competing reactions. 
With favorable rates one or the other product may be obtained 
quite pure; however, with less favorable rates a mixture of the 


two possible compounds may be expected. Because of this fact 


the a-amino acids thus prepared may be of questionable purity. 
It is to be further noted that ethyl aminomalonate is somewhat 
unstable and should be used shortly after it is prepared. The 
hydrochloride of ethyl aminomalonate is stable but distinctly 
hygroscopic, which makes it somewhat undesirable to store the 
ester in this form. 

In 1931 Dunn and coworkers (5) synthesized dl-glutamic acid 
in 52 per cent yield by condensing the sodium derivative of ethyl 
benzamidomalonate with ethyl a-bromopropionate in absolute 
ethanol followed by hydrolysis and decarboxylation in a single 
step with concentrated hydrochloric acid. This synthesis was 
not to be anticipated from the report of Loequin and Cerchez (9) 
who first prepared ethyl benzamidomalonate and stated that the 
N-acyl-substituted ethyl aminomalonates failed to form sodium 
derivatives. This reaction has now been extended and shown to 
be quite general. It has the following advantages: first, the appro- 
priate alkyl halides are in most cases readily available commer- 
cially or may be readily prepared in the laboratory; second, the 
resulting substituted ethyl benzamidomalonates are much more 
readily hydrolyzed and decarboxylated than are the corresponding 
ethyl phthalimidomalonates; third, no N-alkyl-substituted amino 
acids are apt to be produced as in the use of ethyl aminomalonate; 
fourth, ethyl benzamidomalonate is a nicely crystalline compound 
which may be preserved indefinitely without decomposing, which 
is not true of ethyl aminomalonate. 

The yields in some of the steps have been improved and the 
conditions for synthesis have been established in several addi- 
tional cases. The accompanying series of reactions is employed 
in this method of synthesis. Frequent attempts to prepare ethyl 
isonitrosomalonate by the method of Cerchez (3) failed to give the 
yields of 80 to 90 per cent which he reported. However, when 
the method of Bouveault and Wahl (2) modified by the use of 
n-butyl nitrite in place of the less convenient methyl nitrite was 
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CHACOOC.H,) HONC(COOC.H;). + Raney's nicke 


87-90% 65% 


+ pyridine 


95% 


H.NCH(COOC.H;): C,H,CONH ~CH(COOC,H;): 


Na+ RX | | ; H.O + HB fs 
—+ CsH;CONH-— C(R)(COOC,H;)2 — R CH(NH,)COOH 
60 62-90% 


used, the yield immediately rose to 87 per cent of theory. Re- 
duction of the ethyl isonitrosomalonate has been tried by the 
method of Johnson and Nicolet (6) with hydrogen sulfide in alka- 
line solution; by the use of platinum oxide-platinum black, a 
modification of the procedure of Putochin (14); by reduction with 
aluminum amalgam and by the reduction with the Raney nickel 
catalyst by a slight modification of the method of Levene and 
Schormiiller (8). The latter method is preferable because of the 
inexpensive catalyst and the ease of working up the product of 
the reduction. 

Loequin and Cerchez (11) benzoylated ethyl aminomalonate in 
anhydrous ethyl ether containing anhydrous pyridine in the ratio 
of 1 mole of pyridine per mole of ethyl aminomalonate. Yields 
of 60 to 80 per cent were obtained under these conditions. This 
procedure was simplified by carrying out the benzoylation in 
aqueous solution containing a moderate excess of pyridine, thus 
giving yields of 90 to 95 per cent of ethyl benzamidomalonate. 
Crystallization of the ethyl benzamidomalonate from a mixture 
of benzene and low boiling petroleum gave a product with a 
melting point 13° higher than that reeorded by Loequin and 
Cerchez. 

Six a-amino acids have been prepared by this method and it 
seems very probable that the majority of the biogenic amino 
acids can be prepared in good yield by this method, especially 
since many of them have been prepared by the use of ethyl 
phthalimidomalonate which is similar in its general behavior. 
It should be pointed out that for the preparation of serine and 
threonine it is desirable to work in a non-alcoholic solution because 
of the rapid reaction of a-halogen ethers with alcohol, forming 
acetals. Anhydrous solvents such as benzene, toluene, or ether 
should be used. It has been found that when aleohol is used as 
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the solvent for the condensation of the alkyl halide with the 
sodium derivative of the ethyl benzamidomalonate it is essential 
to use alcohol as nearly anhydrous as possible; the increase in 
yield justifies the additional effort. Hydrobromic acid is used in 
preference to hydrochloric acid because of the greater concentra- 
tion and higher boiling point of constant boiling hydrobromic 
acid compared with that of constant boiling hydrochloric acid. 
This gives more rapid hydrolysis and smoother decarboxylation 
of the dibasic acid to the desired a-amino acid. When one is 
preparing isoleucine by this method, a very much longer time 
should be allowed for the condensation than for the other cases 
because of the very much slower reaction of the secondary halides 
compared with the primary halides. For this reason the iodide 
is suggested in preference to the bromide. 

EXPERIMENTAL | 

n-Butyl Nitrite—This was prepared by the method of Noyes 
(13). From 468 gm. of n-butyl alcohol were obtained 605 gm. 
of n-butyl nitrite, a yield of 93 per cent of theory. 

Ethyl Isonitrosomalonate—This was prepared by a modification 
of the method of Bouveault and Wah] (2). 70 gm. of sodium were 
dissolved in 1 liter of absolute ethanol contained in a 3 liter 3- 
necked flask fitted with a mechanical stirrer, a reflux condenser, 
and a dropping funnel. When all the sodium had dissolved, 
500 gm. of pure ethyl malonate were added. After the flask had 
been immersed in a cold water bath, 350 gm. of n-butyl nitrite, 
dried over anhydrous sodium sulfate, were slowly added with 
effective stirring, causing the white precipitate of the sodium 
derivative of the ethyl malonate to dissolve with the formation of 
a thick, clear, orange-yellow-colored solution. The ethanol and 
butanol were distilled under reduced pressure. ‘The residue was 
treated with 1 kilo of crushed ice and 600 ec. of 6 N sulfuric acid, 
the ethyl isonitrosomalonate which separated as a yellow oil was 
extracted with ether, and the ether extract was washed with a 
saturated solution of sodium bicarbonate, then dried over an- 
hydrous sodium sulfate and the ether distilled. The fraction 
boiling at 145-150° at 3 mm. was essentially pure ethyl! isonitro- 
somalonate. Yield 591 gm. or 87 per cent of the theory. | 

Raney’s Catalytic Nickel—This was prepared by the method of 
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Covert and Adkins (4) from the commercial nickel-aluminum 
alloy. 

Ethyl Aminomalonate--The preparation of this compound was 
based upon the directions of Levene and Schormiiller (8). 100 
gm. of ethyl isonitrosomalonate, 150 ec. of absolute ethanol, and 
15 gm. of Raney’s catalytic nickel were placed in the pressure 
bottle of a low pressure hydrogenation apparatus. The contents 
of the bottle were warmed to 40-50° by immersing the bottle in a 
hot water bath. The reduction was carried out at a temperature 
of 40-50°, maintained by a blast of hot air on a copper jacket 
surrounding the bottle. The pressure of hydrogen varied from 
50 to 18 pounds per sq. inch. 8& hours were required for an 84 
per cent absorption of hydrogen. At this point the reduction was 
interrupted, the catalyst was removed by filtration, and the filtrate 
was distilled under reduced pressure. The fraction boiling at 
83-87° at 3 to 4 mm. was adequately pure ethyl aminomalonate. 
Yield 60 gm. or 65 per cent of theory. Isolation of the ethyl 
amiomalonate as the hydrochloride as suggested by Levene and 
Schormiiller was tried but was found to be less convenient. 
Benzoylation was much less satisfactory when the ester hydro- 
chloride was used as the starting point. 

Ethyl Benzamidomalonate—-In a 1 liter 3-necked flask fitted 
with a dropping funnel, a thermometer, and a mechanical stirrer 
were placed 250 cc. of water, 50 ce. of pyridine, and 58 gm. of 
ethyl aminomalonate. ‘The stirrer was started and 48.5 gm. of 
benzoyl chloride were added at such a rate that the temperature 
remained below 50°. The mixture was cooled to room tempera- 
ture and the white, crystalline ethyl benzamidomalonate was 
removed by filtration. After drying in a vacuum desiccator the 
crude ethyl benzamidomalonate was crystallized by dissolving in 
the minimum amount of hot benzene; then 6 times the volume of 
petroleum ether was slowly added to precipitate the ethyl benzam- 
idomalonate. Yield 92.4 gm. or 90 per cent of the theory. The 
melting point was found to be 73-74° rather than 61° as reported 
by Loequin and Cerchez (9). This is probably due to the fact 
that Loequin and Cerchez crystallized the ester from aqueous 
ethyl alcohol, which leaves a contamination of ethyl benzoate, as 
indicated by the characteristic odor of ethyl benzoate when 
crystallized in this manner. 
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Phenylalanine—-In a 500 ce. flask fitted with a reflux condenser 
and protected from moisture with a calcium chloride tube were 
placed 200 ee. of absolute ethanol (99.97 per cent, prepared by the 
method of Smith (15)) and 2.1 gm. of sodium. After all the 
sodium had dissolved, 25 gm. of ethyl benzamidomalonate were 
added and the solution was boiled for a few minutes until homo- 
geneous, then 14.9 gm. of pure benzyl chloride were added. The 
mixture was heated under a reflux for 4 hours, then most of the 
alcohol was distilled. The residue was cooled and 200 ce. of cold 
water were added. After the salts had dissolved, the ester was 
extracted with three 50 cc. portions of ethyl ether, the ether 
extract was dried over anhydrous sodium sulfate, and the ether 
distilled. Iixcess benzyl chloride was removed by distillation at 
16 mm. There remained 25.5 gm. of a thick yellow oil. The 
oil could not be induced to crystallize by diluting a sample with 
ethyl alcohol and then cooling with solid carbon dioxide. 

23.6 gm. of this oil were refluxed for 8 hours with 50 cc. of 48 
per cent hydrobromic acid in an all-glass apparatus. The re- 
action mixture was then dissolved in 300 ec. of boiling water and 
allowed to cool to room temperature. The benzoic acid which 
separated was removed by filtering on a Buchner funnel, and the 
filtrate was evaporated under reduced pressure to dryness. The 
residue was dissolved in 50 ce. of hot water, then brought to the 
isoelectric point of phenylalanine with 6 N ammonium hydroxide. 
Phenylalanine began to separate at once. After 200 ce. of 95 per 
cent ethanol were added, the mixture was allowed to stand in the 
refrigerator for 24 hours. The phenylalanine was removed by 
filtration, washed with aleohol, and dried. Yield 9.5 gm. or 90 
per cent of theory based upon the weight of the oil taken for 
hydrolysis and decarboxylation. It was nearly free from bromide 
ion, but was recrystallized from an alcohol-water mixture before 
analysis. 


Caleulated, N 8.49; found (Kjeldahl), N 8.42, 8.45 


Leucine——The procedure followed was essentially that given 
above for phenylalanine. To a solution of 2.1 gm. of sodium 
dissolved in 200 ee. of absolute ethanol (99.97 per cent) were 
added 25 gm. of ethyl benzamidomalonate and 24 gm. of isobutyl 
iodide. The resulting solution was refluxed for 35 hours. From 


| 

\ 
1] 
h 
0] 

fc 
| 
al 

pl 
y 
on 
ob 
vie 
ay 

bo 
bre 
we 

of 
Ste] 
phe 

| abs 
| ben 

| 


Redemann and M.S. Dunn 347 


the reaction mixture were isolated 22.1 gm. of a viscous, yellow 
oil ester. This represents a yield of 73.6 per cent ealeulated as 
ethyl a-isobutyl-a-benzamidomalonate. 

Without further purification, 20.9 gm. of this ester were boiled 
under a reflux with 50 ee. of 48 per cent hydrobromie acid for 9 
hours. ‘The reaction mixture was dissolved in 250 ec. of hot water 
and allowed to cool overnight. The benzoic acid whichseparated 
was removed by filtration and the filtrate evaporated to dryness 
under reduced pressure. The residue was dissolved in 50 ce. of 
hot water. The resulting solution was then brought to the iso- 
electric point for leucine with 6 N ammonium hydroxide, after 
which 200 ee. of 95 per cent ethanol were added and the solution 
was chilled in the refrigerator for 36 hours. In this way 6.3 gm. 
of leucine were obtained, which amounts to 78.2 per cent of theory 
for the combined hydrolysis and decarboxylation. The material 
was again crystallized from an aleohol-water mixture before 
analysis. 


CeH;3Q0.N. Calculated, N 10.68; found (Kjeldahl), N 10.63, 10.71 


Aspartic Acid The procedure followed was similar to that for 
phenylalanine. From 200 ee. of absolute ethanol (99.97 per cent), 
2.3 gm. of sodium, 25 gm. of ethyl benzamidomalonate, and 15.1 
gm. of ethyl chloroacetate heated under a reflux for 2 hours were 
obtained 28.7 gm. of a red-yellow, thick oil. This represents a 
yield of 87.8 per cent calculated as ethyl a-carbethoxy-a-benz- 
amidosuccinate. 

When 27.5 gm. of the a-carbethoxy-a-benzamidosuccinate were 
boiled under a reflux for 7 hours with 50 ce. of 48 per cent hydro- 
bromic acid, then worked up as described for phenylalanine, there 
were obtained 6.2 gm. of aspartic acid. This represents a yield 
of 62 per cent for the combined hydrolysis and decarboxylation 
step. After recrystallization from ethanol-water solution the 
material was analyzed. 


~~ CyH;OwN. Calculated, N 10.53; found (Kjeldahl), N 10.58, 10.53 
Valine—The procedure was similar to that used in preparing 
phenylalanine. In a solution of 2.3 gm. of sodium in 200 ce. of 
absolute ethanol (99.97 per cent) were dissolved 25 gm. of ethyl 
benzamidomalonate. This solution was boiled under a reflux con- 
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denser for 34 hours with 23.8 gm. of isopropyl iodide. From the 
reaction mixture 18.9 gm. of crude ethyl a-benzamido-a-isopropyl- 
malonate were isolated. ‘This represents a yield of 66 per cent 
of theory calculated as ethyl a-benzamido-a-isopropylmalonate. 
When 17.3 gm. of this ester were boiled with 50 ce. of 48 per 
cent hydrobromic acid for 2 hours, there were isolated in the 
previously described manner 4.0 gm. of valine. ‘This represents 
a yield of 71.4 per cent of theory for the combined hydrolysis and 
decarboxylation. ‘The valine was recrystallized before analysis. 


C;H;,0.N. Calculated, N 11.96; found (Kjeldahl), N 12.28, 12.03 


SUMMARY 


The synthesis of a-amino acids through the condensation of the 
appropriate alkyl halides with the sodium derivative of ethyl 
benzamidomalonate followed by hydrolysis and decarboxylation 
is described. The seven biogenic a-amino acids alanine, aspartic 
acid, glycine, leucine, glutamic acid, phenylalanine, and valine 
have been prepared in good yield by this method. Adequate 
directions are given for the preparation of the requisite inter- 
mediates and five of the a-amino acids mentioned above. It is 
suggested that the majority of the biogenic a-amino acids may be 
synthesized through this method by condensation of suitable 
halogen compounds with ethyl benzamidomalonate followed by 
hydrolysis and decarboxylation. 
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In the course of a study of the electrolyte distribution in tissues, 
the need arose for a simple method of determining the CO, content 
of portions of fresh tissue. Such a method adapted for use with 
the standard Van Slyke gasometric apparatus has been developed. 

Several other satisfactory methods for the determination of CO. 
in tissues have been deseribed. I:mploying a special apparatus 
for the purpose, Fenn (1) deseribed a method in which the CO, 
was liberated from the tissue and collected in barium hydroxide 
solution. The quantity of CO, thus collected was determined by 
the change in conductance of the barium hydroxide solution. 
Ferguson and Irving (2) deseribed a special Van Slyke reaction 
chamber into which a piece of tissue could be introduced, and the 
CO, determined by a method very similar to that of Van Slyke 
for the determination of CO, in serum. ‘They state that their 
probable error is less than 2 per cent. Krogh and Brandt Rehberg 
(3) described an apparatus by means of which the CQOz in tissue 
could be transferred by acidifying the tissue to standardized 
Ba(OH),. The quantity of COs, is calculated after the excess 
Ba(OH): is titrated with standard acid. In 1936, Anrep, Ayadi, 
and ‘Talaat (4) described a method for the determination of CO, 
in tissues by the use of the regular manometric Van Slyke appara- 
tus. The principle of their method is to liquefy the tissue by 
alkaline hydrolysis under oil. The CO, content of an aliquot 
portion of the liquefied material is determined in the same manner 
as serum CQO». In this method, a number of precautions must be 
taken to prevent the formation of CO, or other volatile gases dur- 
ing the hydrolysis. 
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The purpose of the present paper is to describe a simple, direct 
method for the determination of CO, in pieces of tissue with the 
use of the ordinary Van Slyke-Neill manometric apparatus (5). 

Principle of Method—-The principle of the method is to place 
the tissue (or other material) in a side tube connected to a Van 
Slyke apparatus. The COs, which is liberated by the addition of 
acid and the application of vacuum and heat, is absorbed by alkal 


w 


i 


Fig. 1. Side tube connected to the Van Slyke reaction chamber 


contained in the reaction chamber. The CQ. in the alkali is then 
determined in the usual manner. 

Description of Apparatus—The only special equipment needed 
for this method is an ordinary 18 K 150 mm. Pyrex test-tube with 
a bulb of 13 to 15 ec. capacity blown on the closed end to permit 
vigorous shaking of the contents. Fig. 1 shows this reaction tube 
(A) attached to the Van Slyke chamber. It is connected to the 
side arm of the reaction chamber (/), through a rubber stopper 
(B), glass tubing (C), and a short length of pressure tubing (D). 
The connecting glass tube (C) has an internal diameter of not less 
than 2mm. The side tube is held firmly against the water jacket 
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by means of a heavy rubber band (@). During the preliminary 
heating, the side tube is held away from the water jacket (position 
1) by inserting a cork stopper between the two. During the final 
shaking, the cork is removed and the side tube is held in position 2. 

Solutions Required — 

1. Approximately 0.1 N COe-free NaOH. 

2. Approximately 1.0 N air-free NaOH. 

3. Approximately 1.0 N HoSOx. 

4. Approximately 1.0 N lactic acid. 

A solution of ferric fluoride, prepared by slowly adding | 
volume of 4 per cent NaF to 1 volume of 10 per cent Fee(SO,)s. 
This solution should be made CO»-free by shaking in a vacuum. 
No additional acid need be added, for its pH is below 3 as prepared. 

Sulfuric acid is used for the liberation of COs» from the tissue in 
preference to other acids, because on heating it will neither distil 
into the pipette, nor will it decompose. 

On Use of Ferric Fluoride Solution —TVhe ferric fluoride solution 
is used to inhibit the further production of CO, by enzyme action. 
Without the use of any enzyme inhibitor, the resultson a series of 
muscle samples varied widely. Although numerous enzyme in- 
hibitors were tried, a solution of ferric fluoride was found to be 
the most effective in preventing the production of COs, in acid 
solution. It is not effective in alkaline solution owing to the pre- 
cipitation of ferric hydroxide. 

Detailed Description of Technique. To Determine Weight of 
Sample — 2 cc. of the ferric fluoride solution are placed in the re- 
action tube (detached from the Van Slyke apparatus). To this 
are added 2 cc. of 0.1 N COe-free sodium hydroxide. The pH of 
the resulting mixture is approximately 5. It is unimportant if 
some ferric hydroxide precipitates at this point, because the ferric 
fluoride is in sufficient excess to prevent COs production. 4 drops 
of octyl alcohol are added to prevent frothing. The tube is 
tightly stoppered and weighed to the nearest mg. (IW). 

Approximately | gm. of tissue is then introduced into the tube 
below the liquid. The tube is immediately restoppered and again 
weighed (W.). The difference between the weights W. and W, 
equals the weight of the sample. 

Experience has shown that the tissue in these tubes can be kept 
for at least 24 hours without additional production of COs. 

To Transfer the CO, -For the liberation of the CO. from the 
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tissue, remove the stopper from the tube and immediately insert 
the stopper (B) which is connected with the Van Slyke apparatus 
as shown in Fig. 1. Since the ferric fluoride is at pH 5, this 
operation should be carried out quickly to avoid the loss of CO, 
from the reaction tube. Introduce 1.5 ec. of 1 N HeSOy, into the 
cup (F) of the apparatus. Draw the acid into the Van Slyke 
chamber and transfer it by positive mercury pressure into the side 
tube. Allow about | ce. of mercury to follow the acid into the 
side tube, in order to free the connecting tube of excess sulfuric 
acid and to facilitate agitation of the tissue. 

The Van Slyke reaction chamber is then washed out thoroughly 
by introducing water through the cup (7°). 2 ce. of 0.1 N CO.- 
free alkali are then drawn into the chamber and a mercury seal is 
made between the cup and the chamber. With the mercury- 
leveling bulb in the lower position on the apparatus, and the lower 
stop-cock open, the chamber is connected with the side tube 
through the upper stop-cock. The lower stop-cock, connecting 
the apparatus with the leveling bulb, is allowed to remain open. 

The side tube is held away from the water jacket by means of a 
cork stopper and rubber band (position /, Fig. 1). Allow the 
machine to shake slowly and apply heat with a microburner to the 
bulb of tube A, until the solution begins to boil. Remove the 
flame and the cork stopper so that the tube takes up position 2. 
Lower the mercury in the reaction chamber to the 50 ec. mark and 
close the lower stop-cock. After shaking vigorously for 2 minutes, 
open the lower stop-cock, allowing the gas to contract. By al- 
ternately slowly raising and lowering the leveling bulb eight to 
ten times, mix the gases in the chamber and side tube. During 
this procedure it is well to shake the side tube by hand. 

Repeat the entire procedure described in the preceding para- 
graph two additional times. 

Now close the upper stop-cock and remove the side tube from 
stopper 6. Seal the side arm by dipping B under Hg contained 
in a small beaker and open the upper stop-cock momentarily. 
Remove the connecting tube at D. The determination of the COs, 
transferred to the alkali is now carried out. 

Determination of Content of Alkali —Eject all air from the 
reaction chamber through the cup, /’, taking care to return all 
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the alkali to the chamber if some was admitted into the cup. 
Wash the cup down with 1 ec. of water and admit it into the 
chamber. Follow this with 0.5 ec. of 1 N laetic acid. This gives 
a total volume of the reaction mixture of 3.5 ce. 

Proceed as usual for the analysis of CO. by the customary Van 
Slyke procedure (6), reading the pressures at the 2 ec. gas volume. 
The initial pressure p; minus the pressure following the absorption 
of the COs, pe, gives the pressure at a volume of 2 ec. and the 
temperature, ¢, due to the COs contained in the tissue and the 
reagents used. 


TABLE | 
Factors for Conversion of COs Pressure to Millimoles of COs per Kilo 
s = 3.5; a = = 1.017. 


Temperature Conversion factor Temperature (‘onversion factor 

0.1229 25 O.1165 
16 22 26 60) 
17 15 27 a4 
OS 28 49) 
19 02 29 43 
20) 0.1196 30 3s 
21 33 
22 32 28 
23 wi 33 23 
24 71 34 18 


A correction pg (expressed in mm. of Hg) is made for the COs of 
the reagents by carrying out a blank determination exactly as 
described above, save that tissue is omitted from the side tube. 

The COs, content of the tissue in mM of COs per kilo of tissue is 
‘aleulated from the following equation. 


— po — pra) X f 


CO, (mm per kilo) = 
| gm. tissue used 


The factor (f), for the appropriate temperature, is that given by 
Van Slyke and Sendroy (6, 7), which converts pressure of CO, in 
mm. of Hg at a volume of 2 ce. to mm of CO, per kilo. These 
factors are given in Table I. 
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Results 


The data in Table IL illustrate the results obtained when the 
(0). content of sodium carbonate solutions and of blood is deter- 


TABLE II 


Comparison of COs Analyses of NaysCOs Solution and Blood by Side Tuhe 
Method, and Direct Van Slyke Procedure 


The values represent CO. in mma per liter. 


Side tube 


Material Direct method Deviation 
NaoCO, 24.78 24.76 
24.75 24 84 
24.72 24 6) 
24.72 

Mean 24.75 24.73 —().02 
24.72 24.58 
24.57 
24.66 

Mean 24.71 24.63 —O 08 
Horse blood (old) 10.48 10.60 
10.49 10.63 

Mean 10.49 10.62 +(0.13 
Dog blood (fresh) 20.63 20.72 
200.45 19.07 

Mean 20). 54 20.32 29 
Human blood 18.52 18.47 
18.40 18.49 

Mean 7 18.46 18.48* +().02 


*Ferric fluoride present. 


mined by the method just described and when the determination 
is carried out directly in the Van Slyke apparatus in the usual 
way. The results indicate that the procedures used in the indirect 
method introduce no significant error in the determination of COs. 
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Table II] shows the efficacy of the inhibiting agent, ferric 
fluoride, in stopping the production of CO», in the tissue, which, in af 
the absence of ferric fluoride, has been observed to increase SO . 
per cent in 24 hours. No difference in COs content was observed | 


TaBLeE [II] 
On Ability of Ferric Fluoride to Inhilit COs Production by Guinea Pig Tissu 


The values represent CO, in mM per kilo. 


ini Determined imme- Determined after 

diately standing IS 24 hrs. 
13.26 12.05 
Liver 11.87 11.4] 
15.81 15.57 
16.06 15.65 


TABLE IV 
Representative Results of CO, Determinations in Tissues 
Liver Samples | to 4 were from guinea pigs; muscle Samples | and 2 were 
from guinea pigs; muscle Samples 3 to 5 were from rabbits. 


mM perkg. per cent mM perkg. percent mM perkg. percent 

la | 17.12 | -—1.0 ln 13.11 | —6.4 la 22.62 +0.6 
Ib 17.02 —1.6 Ib 13.32 +2.9 Ib 22.90 
le 17.73 +2 .6 le 13.39 +3.5 2a 39.80 +0.4 
13.25 +0) .2 2b 13.26 +0 2b 36 
2b 13.33 +0 8 2¢ 13. 26 3: 10.12 +0.14 
2c 13.09 ~1.0 ju 12.47 3b 40.23 
3a 15.78 +2 .2 3b 12.35 da 29.93  +0.05 
3b 15.52 +0.5 ta 11.28 +3.3 4b 29 96 
15.038 —2.7 4b 10.55 ou 30.61 +0.% 
da 18.75 0 5a 11.13 +1.4 Sb 30.80 
4b 18.93 +1.0 5b 10.84 
1S. 5S —1.0 


between determinations carried out on tissue immediately after 
removal from the animal and after standing with ferrie fluoride, 
showing that the presence of ferric fluoride does not increase the 
amount of COs in the tissue. 

In Table IV, typical analyses of liver, muscle, and muscle brei 
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with added NaHCO; are listed in order to show the variations 
encountered in duplicate and triplicate determinations. ‘The 
agreement is better between duplicate determinations on muscle 
brei, presumably due to the greater ease of obtaining uniform 
samples. The agreement between determinations on pieces of 
liver and muscle averaged approximately 2 per cent. 


SUMMARY 


A method for the determination of the CO». content of whole, 
fresh tissue with the standard Van Slyke gasometric apparatus Is 
deseribed. 
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A METHOD FOR ASHING SOFT TISSUES PRELIMINARY 
TO THE DETERMINATION OF CATIONS 


By MARY V. BUELL 


(From the Chemical Division, Department of Medicine, the Johns Hopkins 
Hospital and the Johns Hopkins University, Baltimore) 


(Received for publication, July 7, 1939) 


Many fundamental problems in metabolism are concerned with 
the distribution of electrolytes in soft tissues such as muscle and 
liver. ‘The ultimate solution of such problems les in the analysis 
of the tissues themselves, since only hazardous inferences may be 
drawn concerning the electrolyte pattern of tissues from other 
data. This paper presents a method suitable for the preparation 
and ashing of tissues preliminary to the determination of the 
common cations, sodium, potassium, caleium, and magnesium. 

Methods described in the literature for ashing tissues have 
proved unsuitable in the hands of the writer for the subsequent 
analysis of one or another of these ions. Ashing in a muffle 
furnace was abandoned because temperatures high enough to 
yield a white ash caused the loss of significant amounts of extra 
potassium, added as sulfate or chloride, and presumably also 
of some of the potassium native to the tissue. The usual wet 
ashing process involves the use of sufficiently large amounts of 
sulfuric acid to interfere with the subsequent determination of 
such small amounts of calcium as are found in muscle. 

In the proposed method, the dried tissue, freed from fat, is 
digested at a low temperature, with nitric and perchloric acids, the 
residue being brought to dryness before solution in water.  Per- 
chloric acid has long been employed in the wet ashing of tissues 
and foods, but its use in the conventional manner, at the boiling 
point of perchloric acid, has certain disadvantages, which make it 
unsuitable for the purpose in hand. (1) The reaction is so vigor- 
ous as to cause the loss of significant amounts of material from 
an Erlenmeyer flask and occasionally to cause explosions. This 
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difficulty has been obviated by removal of the lipids before 
ashing,’ adequate nitration of the tissue before the addition of 
perchloric acid, avoiding unnecessary excess of the reagent, and 
carrying out the digestion at a low temperature (about 90°) under 
a hood with a clean flue and a constant draft created by an electric 
fan. (2) The usual perchloric acid digest is unsuitable for the 
subsequent determination of potassium because of the insolubility 
of potassium perchlorate. In the proposed method, the residue 
is taken to dryness, whereupon the snow-white ash becomes com- 
pletely water-soluble. Consequently it may be dissolved in the 
original flask in a known volume of water and in a concentration 
suitable for direct measurement of aliquots for the various analy- 
ses. Thus there is avoided the usual troublesome quantitative 
transfer of the digest to a volumetric flask with dilution of the 
solution to volumes which are too large for direct sampling for 
subsequent determinations. The determinations of moisture and 
lipids, and the processes of digestion, evaporation, and solution 
of the ash, are all carried out in the same flask with the result 
that the tissue has come into contact only with Pyrex glass and 
the reagents added. 


EXPERIMENTAL 


Determination of Morsture—Heavy Pyrex Erlenmeyer flasks, 
of 140 ml. capacity, with interchangeable ground glass stoppers, 
are used. A suitable sample,’ z.e., 10 to 15 gm. of moist tissue, 
cut into small pieces or put through a grinder, is introduced into 
a tared flask, and the flask is reweighed to the nearest mg. 15 
ml. of pure acetone are added and the mixture is stirred repeatedly 
with a heavy Pyrex rod, with one end enlarged and flattened to 
resemble a pestle. After an hour, the flask, with the rod, is placed 
on a steam bath until the acetone has been driven off; it is then 
placed in a cold electric oven, and the temperature is raised slowly 
to 105°, and this temperature is maintained for 24 hours. The 


'This procedure serves the added purpose of a quantitative estimation 
of these compounds, which permits the calculation of the electrolytes in a 
fat-free tissue. 

?We prefer to use enough moist muscle to give about 2.5 gm. of dry, 
fat-free residue. This permits microdeterminations of kK, Ca, and Mg and 
a macrodetermination of Na. 
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residue is then ground in the flask as thoroughly as possible with 
the rod, the rod is dusted with a brush before it is discarded, and 
the flask is reheated for 4 hours at 105° before it is cooled and 
weighed. The loss in weight determines the moisture content 
of the tissue. Further losses in weight on prolonged heating are 
insignificant. 

Determination of Lipids The lipids are next extracted by six 
successive treatments with fat solvent, three times with anhydrous 
ether and three times with low boiling petroleum ether. For 
each extraction, 10 ml. portions of solvent are used with the 
exception of the first, when 20 ml. are used. In each case the 
contents of the flask are brought cautiously to the boiling point, 


TABLE | 


Reproducibility of Moisture and Lipid Determinations in Beef Muscle 


Sample No. Moisture Lipid Residue 
gm. per cent gin. per cent gm. per cent 
l 73.1 6.4 20.5 
2 72.9 6.3 20.8 
3 72.9 6.3 20.8 
1 72.8 6.3 20.7 
5 72.5 6.3 21.2 
6 73.1 6.0 20.9 


20.8 


~ 


Average 


the flask being rotated over an electric hot-plate on low heat. The 
flask is removed from the plate and is supported on its side 
while the residue settles. The supernatant fluid is drawn off by 
suction with a glass tube drawn out to a capillary and turned up 
at the end so that the suction is applied from above. Upon slow 
rotation of the flask, a neat separation of the supernatant fluid 
may be effected. After six extractions, the flask is returned to 
the cold drying oven, and the temperature is slowly raised and 
kept at 105° for 1 hour. When cool, the flask is reweighed, the 
loss in weight representing the lipid content of the tissue. The 
reproducibility of the determinations of moisture and lipids is 
illustrated in Table I. 

Ashing the Dry, Fat-Free Residue —10 ml. of water and 10 ml. 
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of concentrated nitric acid are added to the dry, fat-free residue, 
and the flask is placed on a cold electric hot-plate covered with 
asbestos paper j;’g inch thick.2 Low heat is turned on and 
maintained throughout the whole ashing process. The contents 
of the flask are allowed to digest until the volume has been reduced 
to approximately 10 ml. (1 to 2 hours), when the tissue appears 
to be completely soluble. 3.5 ml. of 70 to 72 per cent perchloric 
acid are added and the flask is returned to the hot-plate until the 
ashing is complete and the residue is almost dry (20 to 24 hours). 
The oxidation of the tissue and the decomposition of the perchloric 
acid proceed so slowly and smoothly that there is no danger of 
loss due to spattering and no charring occurs. ‘The digestion may 
be continued safely overnight, or it may be interrupted at any 
time. As the residue approaches dryness, the sides of the flask 
are washed with a fine jet of water from a wash bottle and the 
flask is returned to the hot-plate for evaporation. It 1s important 
that the residue should not be heated after dryness* has been 
reached, because of the danger of the formation of a few small 
transparent crystals which are difficult to dissolve. While the 
flask is still warm, 12.5 ml. of water are added from a burette 
and a ground glass stopper is inserted. The ash goes slowly but 
completely into solution. This solution is water-clear and 
colorless and is suitable for analysis without any further manipu- 
lation. 

Determination of Cations —The cations, calcium, magnesium, 
sodium, and potassium, may be determined in the aqueous solu- 
tion of the ash by any of the methods in common use within the 
limits of accuracy of the microanalytical technique employed. 
For the determination of caletum and magnesium, 5 ml. of the 
solution are pipetted into either a pointed centrifuge tube, if the 
calcium oxalate is to be collected and washed by centrifugation, 
or a small beaker, if the oxalate is to be filtered onto a micro 
sintered Jena glass filter. It is important that the calcium be 


’We use an Acme, three-heat electric hot-plate, 8 inches in diameter. 
With the plate at its maximum temperature on low heat, 60 minutes are 
required to raise the temperature of 100 ml. of water to 90°, the highest 
temperature attainable under these conditions. 

‘White fumes, consisting of ammonium salts, will continue to be given off 
from the residue for some time after it has, for all intents and purposes, 
reached dryness. 
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precipitated at pH 4.2, with the aid of brom-cresol green, because 
numerous experiments with known mixtures of standard caleium 
and magnesium solutions have demonstrated the fact that at a 
pH greater than 4.2 there is definite contamination of the caleium 
salt with magnesium. This source of error is particularly signifi- 
eant In the analysis of such tissues as muscle, in which the Mg:Ca 
ratio is large. 

If magnesium ts to be determined by the method of Greenberg, 
Anderson, and Tufts (1), the filtrate and washings from the 
‘alclum precipitate are made up to 25 ml., and a 2 ml. aliquot is 
used for the precipitation of magnesium. If, however, the 
magnesium is to be determined by the estimation of phosphorus 
in precipitated magnesium ammonium phosphate, it is convenient 
to dilute an aliquot (z.e. 2 ml.) of the total volume from which 
ealcium has been precipitated (7.e. 7 ml.) to 10 ml. in a volumetric 
flask, and to analyze a 2 ml. aliquot. 

The first step in the determination of both sodium and potassium 
is the removal of phosphates; for the determination of potassium 
it is likewise necessary to free the solution from ammonium ion, 
Both results are accomplished as follows: To the solution § re- 
maining in the digestion flask there are added a small drop of 0.1 
per cent alcoholic phenolphthalein solution and just sufficient 
solid calcium hydroxide to make the solution definitely alkaline. 
After 1 hour the solution is filtered through the smallest serviceable 
filter paper. For the determination of potassium, 1 ml. of the 
filtrate is diluted to 10 ml. in a volumetric flask, and 1 ml. aliquots 
are evaporated to dryness in small beakers on a hot-plate. The 
residue, which is free from ammonia, may be analyzed for potas- 
sium by the method of Shohl and Bennett (2). For the determi- 
nation of sodium, 4 ml. of the filtrate are added directly to 20 
ml. of the reagent of Butler and Tuthill (3) in a macro sintered 
Jena glass crucible. 

Recovery of Added Cations The recovery of added cations was 
checked repeatedly in three ways. First, 2.5 gm. of dry, fat-free 
beef muscle were weighed into each of six flasks. To three of the 
flasks there was added before digestion sufficient known solution 
to increase the content of the ion in question significantly (about 
50 per cent). To the other three flasks the same addition was 
made after digestion. Theoretically, identical values for each 
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ion should be found in all flasks. Typical results, shown in 
Table II, illustrate the fact that there has been no significant loss 
during digestion greater than may be accounted for by errors 
inherent in the methods of analysis. Secondly, in another series 


TABLE I] 
Comparative Results, with Cations Added before and afler Digestion to 2.5 Gin. 
of Dry, Fat-Free Beef Muscle 
0.30 mg. Ca added 3.5 mg. Mg added 3.0 mg. Na added 22 mg. K added 


~ 

Sample No. Before After Before After Before After Before After 
diges- diges- diges- diges- diges- diges- diges- diges- 
tion tion tion tion tion tion tion tion 


mg.Ca mg.Ca mg.Mg mg.Mg mg. Na mg. Na mg. kK mg. K 


| 0.90 | 0.91 | 5.96 | 5.92 | 8.0 | 7.9 | 58.6 | 60.5 
3 0.90 | 0.90 | 5.85 | 5.96 8.1 59.0 56.6 


wt 


Average. 0.89 0.92 5.91 5.05 8.1 8.0 | 58.4 59! 


TABLE III 


Recovery of Known Quantities of Cations Added to 2.5 Gm. of Dry, Fat- 
Free Beef Muscle 


Ca found in Mg found in Na found in | K found in 
mg. | mg. mg. | mg. | mg. mg. mg. mg. mg. | mg. mg. mg. 
| 0.61 0.80 1.39 3.03 2.545.438 5.50 4.92 10.28 37.9 35.8 73.3 
2 0.60 0.81 1.42 3.00 2.365.43.5.47 4.77 10.50 38.3 34.7 72.3 
3 0.59 0.79 1.41 3.03 2.545.605.45 5.06 10.65 38.7 36.7 70.3 
Average.... 0.60 0.80 1.41 3.02 .2.485.49.5.47 4.92 10.48 38.3 35.7 72.0 
Expected. . 1.40 5.50 10.39. 74.0 


of experiments, 2.5 gm. of dry, fat-free beef muscle were analyzed 
without any addition and after the addition of known quantities 
of analyzed standard solutions. Table III compares the expected 
with the observed values. 5 per cent has been subtracted from 
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the apparent sodium values in the muscle to which no sodium 
addition was made because of the erroneously high results which 
are obtained in tissues such as muscle, in which the K:Na ratio 
is high, as pointed out by Manery and Hastings (4). 

A third check consisted in a comparison of results obtained by 
the proposed method, carried out as described, with those obtained 
in the same manner after the addition to the digest of thorium 
nitrate (5). 1 mi. of 10 per cent solution of thorium nitrate was 
used in each digest, the dry residue was heated for an hour on 
“high heat,” and the ash was extracted with 0.1 M phosphoric 
acid instead of water. No significant difference was observed 
between the results obtained with and without the use of thorium. 


SUMMARY 


A method has been deseribed for the ashing of soft tissues which 
is suitable for the subsequent analysis of the four common cations, 
sodium, potassium, calcium, and magnesium. 
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THE MICROESTIMATION OF THREONINE 


By RICHARD J. BLOCK anp DIANA BOLLING 


(From the Department of Chemistry, New York State Psychiatric Institute and 
Hospital, New York) 


(Received for publication, June 5, 1939) 


The isolation and synthesis of the indispensable amino acid 
threonine, a-amino-8-hydroxybutyrie acid, by Professor W. C. 
Rose and his collaborators (ef. (1)) opened a new era in protein 
and amino acid research. The development of a purely chemical 
method besides that of isolation or that of Higasi et al. (2) for the 
estimation of threonine is desirable both from the view-point of 
nutrition and the formulation of protein structure. Examination 
of the structural formula of threonine, CH; CHOHCHNH2COOH, 
suggested that it should yield acetaldehyde on oxidation with lead 
tetraacetate, for Criegee, Kraft, and Rank (3) have shown that 
glycols and related compounds are split by this reagent to yield 
aldehydes or ketones. They propose the mechanism shown in 
Reaction I for the oxidation of glycol. It appeared from these 
experiments that if threonine were oxidized with sufficient lead 
tetraacetate, acetaldehyde should be formed in an amount which 
would be directly proportional to the quantity of threonine used. 

Although this method appeared to be satisfactory for the esti- 
mation of threonine in pure solutions, the possible formation of 
other volatile aldehydes from the amino acids present in a protein 
hydrolysate excluded the use of non-specific aldehyde methods 
such as the determination with bisulfite, dinitrophenylhydrazine, 
dimethyldihydroresorcinol, ete. However, EKegriwe (4) described 
a highly sensitive color reaction for the qualitative estimation of 
lactic acid. ‘This method was based on the conversion of lactic 
acid to acetaldehyde with warm concentrated H.SO, and the con- 
densation of the aldehyde with p-hydroxydiphenyl. The con- 
densation, which was carried out at room temperature, resulted 
in the formation of an intense red-violet color with minute 
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amounts of acetaldehyde. Miller and Muntz (5) have used the 
p-hydroxydipheny]l reaction as the basis of a method for the micro- 
quantitative estimation of lactic acid. These investigators have 
shown furthermore that Kegriwe’s method is highly specifie for 
acetaldehyde. The apparent specificity of the p-hydroxydiphenyl 
test for acetaldehyde suggested that it would be of value in the 
quantitative estimation of threonine. A preliminary note on our 
findings has been published (6). 


C —OH 
+ Pb(CH,COO), 


OH -_C—OH + CH,COOH 


Pb(CHsCOO); —C—O 
— | Pb(CH COO). + CH,COOH 
C—OH —O 
| 
—C—O C=C 
Pb(CH,COO), + Pb(CH,COO), 
O -C=0 


| | 
Reaction | 


EXPERIMENTAL 


The apparatus is shown in Fig. 1. Tube 1 is a 20 & 2.5 em. 
Pyrex test-tube and serves to dry and clean the incoming air. 
It contains 20 ce. of concentrated H»SO, through which the air 1s 
bubbled. Tube 2 is a blank tube of the same dimensions as Tube 
1. It serves as a trap for the sulfuric acid spray. The reaction 
is carried out in a 20 X 3 em. Pyrex test-tube (Tube 3) fitted with 
a 29/26 interchangeable ground glass joint. The head contains an 
air inlet tube of 4 mm. inside diameter, extending to within 2.5 em. 
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from the bottom, and an air outlet. Tube 3 is kept in a constant 
temperature water bath at 30°. It contains the reaction mixture 
consisting of the solvent, 25 cc. of purified glacial acetic acid, 
less than 10 mg. of amino acids, and at least 1 gm. of lead tetra- 
acetate. Tube 4 is a trap for condensing the acetic acid vapors . 
and is kept at 4°. Tube 5 is the sodium hydroxide trap. This 
isa 20 & 2.5 em. Pyrex tube fitted with a 2-hole rubber stopper. 
The air containing the acetaldehyde is passed, at room tempera- 
ture, over a 2 inch column of sodium hydroxide pellets to remove 
the last traces of acid which may distil over. The NaOH should 
be changed every second run. Tube 6 is the adsorption tube and 
is of the same construction as Tube 3. Tube 6 contains 10 ee. of 
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concentrated H.SO,, 5 drops of water, and 100 mg. of purified 
p-hydroxydipheny! in suspension. This tube is kept at 0° in an 
ice-water mixture. All tube connections are made with short 
lengths of heavy walled, soft rubber tubing. Two or three deter- 
minations can be run simultaneously by connecting sufficient tubes 
in series. 

Reagents 

p-Hydroxydiphenyl. The commercial product (Kastman) is 
recrystallized several times from purified acetone by the careful 
addition of water and finally from anhydrous acetone (ef. (5)). 

Acetic acid. The best grade of glacial acetic acid is refluxed 
for 7 hours with 0.5 to 1.0 per cent of potassium dichromate. The 
acid is then distilled in an all-glass apparatus with a good fraction- 
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ating column. If this reagent gives any appreciable blank, it 
must be reoxidized and redistilled. 

Sulfuric acid. During the course of this study we were much 
disturbed to find that different samples of the best grades of sul- 
furic acid gave varying amounts of color with the same threonine 
standard. On purification of the acid by fractional distillation 
in an all-glass apparatus, much less color was obtained. It ap- 
peared, therefore, that the condensation of p-hydroxydipheny! 
with acetaldehyde in sulfuric acid required small amounts of some 
unknown substance. After some experimentation, lead was found 
to be necessary for this reaction. ‘The metal may act as a catalyst 
or the colored compound may be the lead salt. At present, the 
first suggestion appears to be the more likely. On the other hand, 
technical grades of acid, which contain small amounts of iron or 
nitric acid, are unsatisfactory, for these compounds give green 
colors with p-hydroxydiphenyl. It is, therefore, necessary to use 
an analytical grade of sulfuric acid which has been permitted to 
stand over a small amount of lead shavings. 

Threonine. Commercial synthetic dl-threonine has been used 
as the standard. The amino acid must be freed from any traces 
of aleohol or ether. The standard is made up in aldehyde-free 
glacial acetic acid shortly before use. This precaution is neces- 
sary, for it was found that the very dilute standards, 0.004 to 
0.02 mg. of threonine per cc., give less color when allowed to stand 
for some hours. 

Lead tetraacetate. Lead tetraacetate is prepared according to 
Fieser (7) and recrystallized from boiling glacial acetic acid. 

Rate of Acration--It is necessary to maintain the rate of aeration 
as constant as possible. This is facilitated by the use of an open 
end U-shaped manometer filled with glycerol. 

Preparation of Blank and Time of Reaction— All the reagents are 
introduced into their respective tubes and the reaction is carried 
out for 1 hour. There should be no pink or blue color formed 
in Tube 6. If an appreciable blank is found, it is usually due to 
impurities in the acetic acid. 

Removal of Excess p-Hydroxrydiphenyl— At the end of the reae- 
tion, Tube 6 is kept at 0° until the operator is ready to remove the 
excess p-hydroxydiphenyl by placing the adsorption tube in boiling 
water for exactly 2 minutes (stop-watch). The tube is immedi- 
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ately cooled to 0° and subsequently allowed to come to room 
temperature. The color, which varies from red to violet, depend- 
ing on the amount of acetaldehyde, on the time, and on the tem- 
perature, is stable for 24 hours except near the lowest limits of the 
reaction; 7.e., 0.004 mg. of threonine. This variation in color as 
seen with the unaided eye does not interfere in the quantitative 
estimation of threonine if a sharp filter with a maximum tranis- 
mission at 560 my is employed (ef. below). 


FACTOR 


FO 


ABSORPTION 


OQ 
S00 600 700 
WAVELENGTH mu 


Fig, 2. Absorption spectrum of the colored solution obtained from 


lithium lactate. 


Spectral Absorption! The entire absorption spectra of the 
colored solutions in the visible range obtained from lithium lactate 
and from threonine are shown in Figs. 2, 3, and 4. It will be seen 
that all three colored solutions absorb strongly in the green, with 
maxima at approximately 560 mu. The curves in Figs. 2 and 3, 
from lithium lactate and threonine, respectively, are from red- 
violet solutions, while the solution for the curve in Fig. 4 from 


‘Carried out at the Electrical Testing Laboratories, New York. 
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Fic. 3. Absorption spectrum of the colored solution obtained from 


threonine; red solution. 
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Fic. 4. Absorption spectrum of the colored solution obtained from 


threonine; blue solution. 


500 600 


WAVELENGTH, 77) & 


FOO 


ach 
l-hy 
dro 
anc 
l-H 
deh 
of 


) t 
a 
re 
m 
20 
| ()) 
SO 
“ 
| po 
Al 
| | | | | CO) 
| | | | | | 
| | | | | for 
| | | | | the 
= 
| | | | CO! 
| | | | | | 
| | | 
aci 
| | | | | | l ¢ 
| | | 
| | | | 
| | | 
| | | | 
| | 
| 


R. J. Bloek and D. Bolling 37 | 


threonine is a blue-violet. In spite of the difference in color, the 
amount of acetaldehyde is the same when measured in the Evelyn 
colorimeter with a 560 may filter (cf. (8)). If the Duboseq visual 
colorimeter is employed, the same filter should be used for best 
results; the 8-57 filter of the Zeiss step-photometer should also 
give satisfactory readings. 

The shape of the curves in Figs. 2 and 3 shows that most, if not 
all, of the chromogen produced in the threonine experiment is the 
same as that formed from lithium lactate. Quantitative experi- 
ments, starting with threonine and with lithium lactate, indicate 
that threonine yields the theoretical amount of acetaldehyde. 

Identification of Acetaldehyde—500 mg. of threonine were 
oxidized with 2 gm. of lead tetraacetate under the conditions 
described above. The aldehyde was aerated into a saturated 
solution of dinitrophenylhydrazine in 2 N hydrochloric acid. 
The dinitrophenylhydrazone of acetaldehyde which crystallized 
out proved to be identical with a sample prepared in the same way 
from lithium lactate. The melting points and mixed melting 
points of the two samples were the same and are in agreement with 
those given in the literature (9). 

Determination of Threonine in Absence of Other Amino Acids 
Although a color readable on the macro Evelyn photoelectric 
colorimeter is given by 0.004 mg. of threonine, it is advisable to 
work within the range of 0.02 to 1.5 mg. The amount of color 
formed from more than 0.06 mg. of threonine cannot be read on 
the galvanometer, but a satisfactory reading is easily made by 
removing an aliquot of the colored solution and diluting with 
concentrated HeSO,. Satisfactory calibration curves can be made 
with a 560 mau filter. 

Influence of Other Amino Acids -10 mg. quantities of amino 
acids were oxidized in the presence of 0.08 mg. of threonine by 
1 gm. of lead tetraacetate. d-Arginine hydrochloride, l-aspartic 
acid, l-cystine, l-dihydroxyphenylalanine, d-glutamic acid, glycine, 
l-histidine hydrochloride, dl-isoleucine, dl-leucine, d-lysine dihy- 
drochloride, dl-norleucine, dl-phenylalanine, l-proline, l-tyrosine, 
and dl-valine had little or no effect on the recovery of threonine. 
l-Hydroxyproline and l-tryptophane decreased the yield of acetal- 
dehyde. This inhibitory effect, which appears to be the result of 
using up all the lead tetraacetate, can be overcome by the addition 
of more of the oxidizing agent. 
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Two amino acids, dl-alanine and di-serine, yield a small pro- 
portion of acetaldehyde under these conditions of oxidation. 
10 mg. of dl-serine formed as much acetaldehyde as 0.03 mg. of 
threonine, while 10 mg. of dl-alanine yielded the same amount of 
aldehyde as 0.5 mg. of threonine. ‘The former amino acid prob- 
ably will not interfere in the determination of threonine in proteins. 
The presence of a relatively large quantity of alanine, especially 
in those proteins deficient in threonine, would result in a consider- 
able error. It is hoped that this difheulty may be overcome by 
the use of a correction factor for alanine.’ 

Mixtures of one or more of the above amino acids and threonine 
in which the total amount of the amino acid mixture did not ex- 
ceed 5 mg. resulted in the quantitative recovery of threonine when 
the latter was present in amounts which varied from 0.5 to 5.0 
per cent of the total amino acid mixture. 

Influence of Carbohydrates—10 mg. quantities of the following 
‘arbohydrates were oxidized with 1 gm. of lead tetraacetate: 
arabinose, ascorbic acid, fructose, galactose, glucose, glycerol, 
lactose, maltose, and mannose. ‘These sugars did not give a 
detectable amount of acetaldehyde. 

Determination of Threonine in a Protein Hydrolysate 2 to 100 
mg. of protein are hydrolyzed by refluxing overnight with 1 to 5 ce. 
of 20 per cent hydrochloric acid. The excess acid is removed by 
repeated concentration zn vacuo and the bound HCl is removed by 
warming with an excess of freshly prepared aqueous silver oxide. 
After removal of the silver with hydrogen sulfide, the amino acid 
solution is concentrated to dryness and the residue is taken up in 
purified acetic acid.? A suitable aliquot of this solution, usually 
containing from 0.5 to 5.0 mg. equivalent of protein, is placed in 
Tube 3 (cf. above) with 1 gm. of lead tetraacetate and enough 
glacial acetic acid to bring the final volume to 25 cc. The aeration 
is carried out for 1 hour. The amount of color is read against a 
calibration curve or against a threonine standard approximately 


2 A colorimetric method for the determination of alanine is being de- 


veloped. 

210 volumes of 8 N sulfuric acid can be used to hydrolyze the protein. 
The sulfate ion is removed by the addition of an excess of barium acetate. 
After concentration to dryness, the amino acid residue is taken up in 


glacial acetic acid. 
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equal to the threonine content of the protein and run concurrently 
in series with the unknown. Although the amount of acetalde- 
hyde yielded by threonine under these conditions appears to be 
quantitative, it is advisable, as is the case in all amino acid esti- 
mations, to check the extent of the oxidation by adding a small 
quantity of the standard and estimating the percentage recovery. 
The evidence available at present indicates recoveries of 97 + 3 
per cent. 


Results 


The following results, examples of but a few of the experiments 
‘arried out on a considerable number of tissue proteins, are given 
to show the wide range of the method. 

Casein 1—500 mg. of casein were hydrolyzed with hydrochloric 
acid and, after removal of the chloride ion, the amino acid residue 
was dissolved in 50 ee. of glacial acetic acid. Four threonine 
determinations with | or 2 ec. of this solution equivalent to 10 or 
20 mg. of the original protein were carried out. The results of 
the four experiments checked closely and indicated 3.5 per cent 
of threonine in casein.4 

Casein 2-100 mg. of casein were hydrolyzed with hydrochlo- 
ric acid and after removal of the inorganic ions, the amino acid 
solution was dissolved in sufficient glacial acetic acid so that 
each ec. contained the equivalent of 0.8 mg. of casein. 1 and 3 ec. 
aliquots of this solution were taken for threonine estimation. 
The color formed from 0.8 mg. of casein, which could be read 
directly in the Evelyn colorimeter, indicated 3.5 per cent of 
threonine. The color formed from 2.4 mg. of casein required 
dilution. However, in this case, also, the results indicated 3.5 
per cent of threonine. 

(relatin (Coignet)—-The determination of threonine in Coignet 
gelatin (five experiments) indicated 1.2 per cent of this amino 
acid. As gelatin contains approximately 10 per cent of alanine 
which yields 5 per cent of the amount of acetaldehyde given by 
threonine, we may tentatively conclude that Coignet gelatin con- 
tains approximately 0.5 per cent of threonine. 


* Professor W. C. Rose has found on the basis of feeding experiments 
that a sample of casein contains approximately 4 per cent of threonine 
(private communication). 
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Gelatin (Wilson) The average of three experiments on bone 
gelatin indicated that it contained 1.1 per cent of threonine. If 
the same correction is made for alanine as in the case of Coignet 
gelatin, then it appears that the particular sample of bone gelatin 
analyzed contains approximately 0.5 per cent of threonine. 

Serum Proteins (Normal Human) Vhreonine estimations on 
0.8 and 1.6 mg. of pooled serum proteins from normal individuals 
indicated 5.9 per cent. 

Serum Proteins (Phenylpyruvic Oligophrenia) Pooled serum 
proteins from patients with phenylpyruvic oligophrenia contained 
6.0 per cent of threonine. 


SUMMARY 


A micromethod for the estimation of threonine which requires 
only 0.5 to 5.0 mg. of protein is deseribed. ‘The method involves 
(1) the quantitative oxidation of threonine to acetaldehyde by 
lead tetraacetate, (2) aeration of acetaldehyde into concentrated 
sulfuric acid, and (3) condensation of the acetaldehyde with p- 
hydroxydiphenyl. The latter reaction, which does not take place 
in sulfuric acid devoid of traces of lead, yields a permanent red- 
violet color, with an absorption maximum at 560 mu. 

The experimental results indicated that casein contains ap- 
proximately 3.5 per cent, serum proteins contain about 6.0. per 
cent, and gelatin from 0.5 to 1.1 per cent of threonine. 
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ULTRAVIOLET ABSORPTION SPECTRUM OF PAPAIN 


By JOSEPH 8S. FRUTON anp G. I. LAVIN 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 12, 1939) 


The ultraviolet absorption spectra of solutions of various pro- 
teins have been shown to exhibit maxima in the region around 
2800 A. The absorption band in this region has been associated 
with the presence, in the proteins, of the amino acids tyrosine and 
tryptophane (1, 2). 

The experiments reported in this communication are concerned 
with the ultraviolet absorption spectra of solutions of the proteo- 
lytic enzyme papain. ‘The enzymatic activity is associated with a 
protein which may be obtained from crude papain extracts by 
precipitation with ammonium sulfate between 0.4 and 0.7 satura- 
tion (3).!. This purified preparation was employed in the present 
experiments. 

The conventional method for obtaining absorption spectra in 
the ultraviolet is to use a high tension spark between metallic 
electrodes as the light source in conjunction with a photometer 
and spectrograph. ‘This procedure gives the well known absorp- 
tion curves In which the degree of absorption is plotted against 
the wave-length. The ultraviolet absorption curve of a solution 
containing 0.5 per cent papain (pH 4.5) was obtained by this 
method with the aid of a Spekker spectrophotometer and a small 
Hilger quartz spectrograph. The curve showed a maximum at 
about 2800 A. and a minimum in the region of 2500 A. (Fig. 1). 
A solution of papain in N HCI showed a similar absorption curve. 

Previous work with several other proteins (1, 2) has shown that 
with a continuous light source, such as that obtained from the 
hydrogen discharge tube, broad bands of this kind are often found 
to be composed of a group of narrow bands. Examination of 


' Bergmann, M., and Fruton, J. 8., unpublished data. 
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solutions of 0.5 per cent papain (pH 4.5) with continuous light 
revealed a narrow band at about 2900 A. and broad, diffuse ab- 
sorption in the region from 2650 to 2850 A. There does not ap- 
pear to be any band absorption in the region 2550 to 2650 A. 


(Fig. 2). 
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Fic. 1. Absorption curve of solution of papain. Concentration 0.5 per 
cent, pH 4.5 (0.1 acetate buffer), d (optical density) = log //J. 


The technique employed in obtaining spectra with the continu- 
ous light source (Fig. 2) consisted in successively decreasing the 
thickness of the absorbing solution by means of a quartz Baly cell. 
Exposure 1 shows that too much light is absorbed to bring out any 
band structure. Exposure 2 shows the beginning of the appear- 
ance of the narrow band at about 2900 A. Iexposure 3 shows this 
narrow band more clearly, and Exposures 4 and 5 indicate that 
no more narrow bands appear in the absorption spectrum when 
the thickness of the absorbing medium is decreased. 
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In order to facilitate the interpretation of this spectrum, a series 
of absorption spectra of tryptophane, tyrosine, and phenvlalanine 
was photographed (Fig. 3, a, b, ©). 

Comparison of the papain spectrum with the absorption spectra 
for the amino acids leads one to attribute the absorption band at 
2000 A. to the presence of tryptophane. However, the selective 


hic. 2. Absorption spectrum of papain. Concentration 0.5 per cent, 
pH 4.5, taken with the continuous light source of a hydrogen discharge tube. 


Ric. 3. Absorption spectra of aromatic amino acids. a, tryptophane; 


tyrosine; ¢, phenylalanine: pH 4.5. 


absorption at about 2800 A. shown by solutions of pure trypto- 
phane could not be observed in the papain spectrum because of 
the broad, diffuse absorption in this region. On the other hand, 
no selective absorption attributable to tyrosine could be demon- 
strated, and the characteristic absorption due to phenylalanine 


Was not observed. 
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Qn the basis of the assumption that the free aromatic amino 
acids absorb in the same general manner as when they are linked 
in the protein molecule (4), one might conclude from the spectrum 
that papain contained tryptophane but no detectable amounts of 
tyrosine or phenylalanine. 

However, when papain was hydrolyzed by means of boiling 20 
per cent hydrochloric acid for 1S hours, the absorption spectrum 
was different from that shown by the unhydrolyzed) proteim. 

A solution of the acid hydrolysate (concentration of the hydro- 
lytic products of papam 0.5 per cent) showed that the tryptophane 
absorption had disappeared, as was to be expected trom the in- 
stability of this amino acid during the hydrolytic procedure. No 
selective absorption that could be attributed to phenylalanine was 
noted. However, strong band absorption was observed at 2740 


Fic. 4. Absorption speetrum of papain hydrolysate. a, papain hvdrol- 
vsate; 6, tvrosine; ¢, unhyvdrolyzed papain. 


and 2820 A. (Fig. 4, a). These positions correspond closely to 
those exhibited by pure tyrosine in solution (Fig. 4.6). 0 For direct 
comparison a photograph of the spectrum of unhvdrolyzed papain 
is shown in Fig. 4,  Spectrographic determination? of the tyro- 
sine concentration in the hydrolysate indicated that approximately 
20 per cent of the dry protein was represented by tyrosine. — Fur- 
thermore, on neutralization of the hydrolysate to pH 4. tyrosine 
could be isolated and identified. From the hydrolysis of 10.9 
gm. of dry protein, 0.89 gm. of tyrosine was obtained. 


C.H,OsN. Caleulated, N found, N 7.8 


The amount isolated corresponded to 8S per cent of the weight of 


the protein used for hydrolysis.  Spectrographic estimation of the 


This determination was made by obtaining the extinction coefficients 
(fe = (lel) log (/y//)) at certain wave-lengths and comparing them with 
tyrosine solutions of known concentration. 
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filtrate from the material which had crystallized showed that an 
additional 10 to 12 per cent had remained in solution, thus again 
giving a total concentration of approximately 20 per cent. 

These experiments indicate that the absence of selective absorp- 
tion due to tvrosine in the absorption spectrum of a protem solu- 
tion may not necessarily rule out the presence of tyrosine in the 


protein. 
A determination of the tryptophane content of papain by the 
Folin method (5) gave a value of about 3 per cent. A solution of 


0.5 per cent papain should therefore contain approximately 0.015 
per cent tryptophane and 0.10 per cent tyrosine in the proteim 
molecule. “The absorption spectrum of a solution containing 2 
mixture of the two aromatic amino acids in the above concentra- 
tions showed the characteristic bands of both amino acids (Fig. 5, 


Fig. 5. Absorption spectra of mixtures of tryptophane and tvrosine. 
a. ratio of tryptophane to tyrosine 3:20. “Pwo exposures of the same plate 
are shown so as to bring out both tyrosine and tryptophane bands. hb, 


ratio of tryptophane to tvrosine 6:20. 


al and a2). This would indieate that in these relative concentra- 
tions (3:20) the tyrosine bands are not masked by the broad 
tryptophane absorption. 

In addition, an attempt Was made spectrographically to estimate 
an upper limit for the tryptophane content of papain. A value of 
about 6 per cent was obtamed on the assumption that in the intact 
papain the entire absorption in the region of 2800 A. is attribut- 
able to tryptophane alone. This value should be expected to be 
high. Nevertheless, a mixture of tryptophane and tyrosine in the 
proportions 6:20 still showed the characteristic bands of both 
amino acids (Fig. 5, 

The opinion has been expressed that absorption by the aromatic 
nucleus of tvrosine should not be appreciably affected by the par- 
ticipation of this amino acid in peptide linkages (4). Although 
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Abderhalden and Haas (6) reported that the absorption of glycyl- 
tvrosine is similar to that of tyrosine, it seemed desirable to test 
this view further by examining several different tyrosine peptides. 
The absorption spectra of the following compounds were photo- 
graphed: glyeyl-l-tyrosine, (7), -tyrosyl- 
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hic. 6. Absorption curves of tyrosine-containing peptides. Concen- 
tration OO.) Mm + 1 equivalent of hydrochloric acid. Curve a, glyeyl-l- 
tvrosine; Curve 6, /-tvrosyl-/-tvrosine: Curve ¢, glyevl-/-glutamyl-l-tvro- 
sine: Curve d, l-tvrosvlglyeine; Curve e¢, /-glutamyl-l-tyrosine. 


ylyeine (8S), (7), and glyeyl-/-glutamyl-l- 
tyrosine (9). 

The absorption curves of the peptides containing one tyrosine 
residue are rather similar to one another and to the absorption 
curve of tyrosine itself. /-Tyrosyl-/-tyrosine showed the same 
absorption maximum as did the other peptides but, as was to be 
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expected, gave a higher value for the extinction coefficient (Fig. 6). 
The absorption spectra of the peptides obtained by means of the 
continuous light source also showed no appreciable difference from 
one another or from that of tyrosine. 

At present, no satisfactory explanation can be offered for the 
non-appearance of the tyrosine bands in the spectrum of the intact 
papain, Further spectroscopic study of tyrosine derivatives is 
in progress and may aid in elucidating this question. 


The authors wish to express their thanks to Dr. Max Bergmann 
for his kind advice and encouragement. 


SUMMARY 


The absorption spectrum of the proteolytic enzyme papain has 
been photographed. The characteristic bands of tyrosine cannot 
be observed in the intact protein, although on acid hydrolysis 
appreciable amounts of tyrosine are liberated. 
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STUDIES ON THE METABOLISM OF CREATINE 
AND CREATININE 


I. SPECIFIC ENZYMATIC METHODS FOR THE ANALYSIS OF 
CREATINE AND CREATININE IN TISSUES * 


By BENJAMIN F. MILLER, M. J. CARL ALLINSON, anp 
ZELMA BAKER 


(From the Department of Medicine of the University of Chicago, Chicago) 
(Received for publication, July 8, 1939) 


In 1904 Folin described his classic method for the colorimetric 
estimation of creatine and creatinine in urine. In this method the 
color reaction between alkaline picrate and creatinine, previously 
discovered by Jaffe (1886), was employed as a quantitative pro- 
cedure for the estimation of creatine and creatinine in biological 
fluids. Folin’s method supplanted previous tedious and inexact 
gravimetric methods, and has since found general application in 
the analysis of tissues and body fluids. Folin’s procedures for the 
analysis of creatine and creatinine have been modified and im- 
proved by numerous investigators, but only recently have they 
been changed significantly. Benedict and Behre (1936), Bolliger 
(1936), and Langley and Evans (1936) suggested almost simul- 
taneously the use of 3,5-dinitrobenzoic acid in place of picric 
acid for the color reaction with creatinine. This reagent has the 
advantage of a considerably greater specificity than picric acid. 
It has been adapted to the analysis of creatine by Benedict and 
Behre and others. Recently Schaffer (1938) suggested the reac- 
tion between creatine and alkaline copper salts for the determina- 
tion of creatine in urine. This method seems to offer no improve- 
ment in precision or specificity over other methods. Additional 
improvements in the determination of tissue creatine have been 


* Aided by a grant from the John and Mary R. Markle Foundation. 

A preliminary report of this and the following paper has appeared 
(Miller, B. F., Baker, Z., and Allinson, M. J. C., Proc. Am. Soc. Biol. 
Chem., J. Biol. Chem., 128, p. Ixx (1939)). 
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made by Borsook (1935) and by Fisher and Wilhelmi (1937). 
Sullivan and Irreverre (1939) have reported a new, highly specific 
color reaction for creatinine; presumably this method can be 
adapted to the analysis of creatine. 

The specificity of most of these methods is inadequate. So 
many compounds other than creatine or creatinine give the color 
reaction with alkaline picrate (and to a lesser extent with dinitro- 
benzoic acid) that the methods must be applied with caution un- 
less there is a large excess of creatine or creatinine in the mixture 
to be analyzed. Obviously this interferes with the application 
of the methods to the study of creatine and creatinine under 
endogenous conditions. The application of the Jaffe reaction to 
the estimation of blood creatinine led to a long controversy! 
which questioned the existence of creatinine in normal blood. In 
an attempt to settle this controversy and to devise specific 
methods for the analysis of endogenous creatinine, one of the 
authors, in collaboration with Dubos, isolated soil bacteria which 
could adapt themselves to grow on creatinine as their sole source 
of carbon and nitrogen (Miller and Dubos, 1936; Dubos and 
Miller, 1937). During the process of adaptation, these bacteria 
form enzymes which have a high degree of specificity in distin- 
guishing creatinine from closely related compounds which give 
color reactions with alkaline picrate or dinitrobenzoate. These 
enzymes have been employed in a specific method for the de- 
termination of creatinine in blood, urine, and spinal fluid by Miller 
and Dubos (1937,b). This method has also been used in the 
investigation of the excretion of endogenous creatinine by the 
human kidney (Miller and Winkler, 1938). 

For the study of certain aspects of the metabolism and excretion 
of creatine, as well as the interrelationship between creatine and 
creatinine, it seemed essential to develop a specific and sensitive 
method for the estimation of creatine in biological materials. 
This paper contains a description of such a method in which crea- 


tine is converted to creatinine in acid solution and the amount of. 


true creatinine determined by a modification of the specific method 
for creatinine referred to above. Increased speed and precision 
in the measurements are obtained by the use of the Evelyn photo- 


' Reviewed by Miller and Dubos (1937, a). 
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electric colorimeter (1936) in place of the Zeiss Pulfrich stufen- 
photometer employed previously by Miller and Dubos. 

In addition to the method for creatine, this paper contains a 
method for the specific estimation of creatinine in tissues. 

The importance of specific methods for determination of crea- 
tine and creatinine in tissues will be seen from the data presented 
in the following paper by Baker and Miller. There it is demon- 
strated that in tissues such as the liver errors as large as several 
hundred per cent may be obtained in the estimation of creatine 
and creatinine by non-specifie methods. 


Procedure 


Preparation of Enzyme Suspension— The organism characterized 
by Dubos and Miller as NC (“neutral culture’) and so designated 
in this paper was cultured essentially as deseribed by these authors. 
The NC cell suspension can be kept in the refrigerator, suspended 
in distilled HeO, for several months. 

The organisms were grown as deseribed by Dubos and Miller, 
with some slight modifications. Since difheulty was encountered 
in growing the organisms in media made with Chicago tap water, 
an “artificial tap water’ was prepared as follows: 3 per cent 
MgSO,, 1.5 ce.; 1 per cent CaCh, 5.0 ec.; 1 per cent NaszCQs, 
4.0 cc.; | per cent NaHCOs, 2.0 ce.; 0.1 per cent FeCl;, 0.3 ee.; 
0.1 per cent MnCl, 1.0 ec.; 0.02 per cent HNOs, 1.0 ec.; 0.01 
per cent (NH4)eSO,, 1.0 ce.; triple distilled H2O to make 1 liter. 
(Water prepared as above approximates the composition of New 
York City tap water,in which the organisms were originally grown. ) 
The following additions are made to 1 liter of the tap water: 
5.0 gm. of creatinine, 5.0 gm. of NaCl, 25 ec. of mM phosphate buffer,” 
pH 7.0, 200 mg. of Difco bacto-yeast extract. 

The organisms are first grown in tryptone broth made as follows: 
2 gm. of tryptone, 0.5 gm. of NaCl, 2.0 ec. of the m phosphate 
buffer, and 98 ec. of HeO. A few loopfuls of an actively growing 
culture are inoculated into 50 ec. of the creatinine medium con- 
tained in a liter Blake bottle. The cultures are incubated at 
37° until almost all the creatinine in the medium has disappeared 
(3 to 4 days). The organisms are centrifuged off at high speed, 


* Made according to Green (1933) and contains 96.6 gm. of anhydrous 
NasH PO, and 43.6 gm. of KH,PQO, in 1 liter of H,O. 
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washed three to four times to remove all creatinine, and resus- 
pended in a volume of redistilled HeO equal to one-fortieth the 
volume of the original culture medium. 

The cultures are maintained in a state of activity by transfers 
at weekly intervals into fresh creatinine media, 1 ce. of inoculum 
per 50 cc. of fresh medium being used. The tryptone culture 
medium is employed only when new strains are started, or when a 
strain loses its activity. 

(nit of Enzyme Activity--A unit of enzyme activity is defined 
as the amount of enzyme which decomposes 0.1 mg. of creatinine 
in 45 minutes at 37° when incubated in an unstoppered 125 cc. 
Erlenmeyer flask containing 0.3 ce. of enzyme suspension, 0.3 
to 0.6 mg. of creatinine, 0.5 ce. of M phosphate buffer, pH 7.0, 
and HO to make a final volume of 10 ce. 

When prepared as above, the NC enzyme suspension has an 
activity of approximately 15 units per ce. 

Determination of Creatine (Total Creatinine) in Tissues—-Total 
creatine is > tc ie by estimating the difference in the chromo- 
gen of tissue filtrates before and after treatment with the bacterial 
enzyme. ‘Tissue filtrates are prepared by the method of Rose, 
Helmer, and Chanutin (1927). The animal is killed by decapita- 
tion, and its tissues rapidly removed and cut into small pieces. 
They are weighed quickly on a magnetically damped balance 
and transferred to 50 ec. Erlenmeyer flasks. Exactly 20 ec. of 
2 N H.SO, are pipetted into each flask which is covered with tin- 
foil and autoclaved for 45 minutes at 15 to 20 pounds pressure. 
After they are removed from the autoclave, the flasks are cooled 
and the contents quantitatively transferred into 100 ec. volu- 
metric flasks. Sufficient 2. N alkali (about 18.5 cc., determined by 
previous titration) is added to obtain a pH of about 4.2 after 
the addition of sodium tungstate. 5 ce. of 10 per cent sodium 
tungstate (NaesWQO,-2HeO) are added to each flask. If the pH 
is correct, flocculation occurs at this point. The mixtures are 
made to volume, shaken thoroughly, and filtered after about 
5 minutes. The filtrates should be perfectly clear, but are not 


>It was observed with filtrates from some tissues (viz. liver, kidney, 
spleen) that standing overnight in the refrigerator caused an additional 
precipitate to form. In such an event the solution was refiltered before 
use. Because of the formation of this precipitate, it was found most 
satisfactory to determine initial and final chromogen on the same day. 
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always colorless. (In eases in which the creatine content of the 
tissue is very low, or where little tissue is available, only 10 cc. 
of 2 N HeSO, and proportionate quantities of the other reagents 
are added, and the mixtures diluted to 50 ce. instead of to 100 ee.) 
The amount of tissue chosen is such that 1 ee. of the filtrate con- 
tains from 1 to 5 micrograms of chromogen. <A blank solution 
containing all the reagents is also prepared. 

The amount of chromogen (before and after treatment with the 
bacterial suspension) is determined by means of the Evelyn photo- 
electric colorimeter, with a filter in which the Rubicon No. 4785 
and Wratten No. 75 filters are combined. 8 ce. aliquots* of the 
tissue filtrates are pipetted into standard Evelyn S-tubes; 0.3 ce. 
of 0.1 N NaOH, 0.2 ec. of m phosphate buffer, pH 7.0, and 1.5 ce. 
of H.O are added, bringing the volume to exactly 10 ce. Alkaline 
picrate is prepared by mixing 1 volume of exactly 2.4 N NaOH with 
5 volumes of saturated picric acid (Baker’s c.p., special for blood 
test). After it has been allowed to stand for 10 minutes, 5 ec. of 
the alkaline picrate are added to the solution in the tube and the 
color is developed at 25° for 12 minutes. The tube is then placed 
in the photoelectric cell and read against a blank, similarly pre- 
pared, set at 100. 8 ec. of the solution to be analyzed for non- 
creatinine residual chromogen are pipetted into 125 ce. Erlenmeyer 
flasks, and 0.3 ce. of 0.1 N NaOH, 0.2 ec. of M phosphate buffer, 
1.0 ee. of HO, and 0.5 ce. of bacterial suspension® are added. 
These flasks are incubated unstoppered at 37° for 1 hour. The 
mixtures are centrifuged, 8 ec. of the clear, supernatant fluid 
pipetted off, and 4 ce. of alkaline picrate added. The color ts 
developed and read as above. The concentration of creatine, or 
creatine equivalent of chromogen, is determined from a calibration 


‘ With tissues of very high creatine content, such as muscle, approxi- 
mately 100 mg. give very high readings. Rather than reduce the amount of 
tissue we considered it more desirable to use an aliquot smaller than 8 cc., 
viz. 3ce., and make it up to8 ec. with the ‘“‘blank”’ solution. This eliminates 
error due to changes in salt concentration. 

°'To check on the activity of the creatinine-decomposing enzyme, an 
assay was made on each new preparation. For use in actual creatinine 
determinations on tissue extracts, this suspension was further diluted, 1:2 
or 1:3, depending on the strength of the enzyme. The amount of enzyme 
employed should be sufficient to decompose 5 to 10 times the quantity of 
total creatinine present in the solution to be analyzed. 
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eurve which is made by adding pure creatine to the same reagents 
employed for the preparation of the tissue filtrates. This solution 
is autoclaved and determined as above. The results are calculated 
in terms of mg. of creatine per 100 gm. of tissue. ‘The difference 
between the readings before, and after treatment with the bac- 
terial enzyme multiplied by 0.862 represents the true total creat- 
inine. ‘The actual creatine content is calculated as deseribed later. 

Determination of Specific Creatinine of Tissues--For the deter- 
mination of creatinine the tissue is cut fine with scissors, weighed 
rapidly, and placed in a Pyrex test-tube (about 20 & 150 mm.). 
The tissue is covered with approximately 5 ec. of HO, and the 
tube placed in a water bath at 70-75°. After a few minutes the 
fluid is decanted from the tissue into a 50 ce. volumetric flask. 
This extraction process is repeated five to six times with similar 
volumes of water. The extract is deproteinized and clarified by 
the technique of Fujita and Iwatake (1931); to the flask are added 
8.0 cc. of acid cadmium reagent (43.5 gm. of cadmium sulfate, 
3CdS0,-8H2O + 63.5 ec. of 1.0 N H.SO, per liter) followed by 
1.0 ce. of 1.1N NaOH. ‘The solution is made to the mark with 
and filtered after it has stood for several minutes. ‘To 40 ec. of 
the filtrate is added 0.2 cc. of 1.1 N NaOH to precipitate the re- 
maining cadmium, and the cadmium hydroxide precipitate is fil- 
tered off. The creatinine estimation is made in the photoelectric 
colorimeter on 8 cc. of this cadmium-free filtrate as described above 
under the determination of creatine. In tissues of very low cre- 
atinine content (e.g., liver) the colorimetric determination is made 
in the Zeiss Pulfrich stufenphotometer, with a stratum length of 
50 mm. and the 8-50 filter, 10 cc. of filtrate and 5 ee. of alkaline 
picrate being employed. = 

Since the creatinine concentration of most of the tissues 1s very 
low, in many cases large amounts of tissue are needed and it is 
feasible to analyze only one sample of each tissue. Duplicate 
analyses are performed on the final filtrate from each tissue. 

The creatinine equivalent of the material before and after 
incubation with the enzyme is obtained. ‘The difference represents 
the true creatinine content of the tissue. The calibration lines 
for creatinine should be obtained on pure creatinine treated by 
the technique employed above. 


Calculations of Specific Creatine and Creatinine Content of Tissue 
7; = total chromogen (as creatinine equivalent) found after treatment 
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with hot acid; R; = residual chromogen after incubation of 7, with 
enzyme; 7’, = total chromogen found after extraction of tissue with water; 
R, = residual chromogen after incubation of 7, with enzyme. Then 7; — 
R, = total true creatinine + creatine (in terms of creatinine); 7, — R. = 
specific creatinine content; (7; — — — = true creatine (ex- 


pressed as creatinine); multiply by 1.16 to obtain true creatine (as such). 


EXPERIMENTAL 


Effect of Tungstate and Cadmium Precipitants on Activity of 
NC Enzyme Sinee sodium tungstate is used in the clarification 
of tissue filtrates after autoclaving, experiments were performed to 
determine the possible effeets of this compound on the activity 
of the NC enzyme. With 0.25 to 5.0 ec. of 10 per cent sodium 
tungstate in 50 ce. there was no inhibiting effect on the enzyme 
activity. Similarly the cadmium reagent employed for the esti- 
mation of creatinine did not interfere with the enzyme. 

Recovery of Creatine and Creatinine Added to Tissues ‘The 
addition of ereatine does not affect the estimation of endogenous 
creatinine in liver tissue, indicating that the methods and reagents 
employed in the extraction technique do not convert either added 
ereatine or the creatine in the tissue to creatinine. Satisfactory 
recoveries of both added creatine and creatinine were obtained 
in various tissues. 

Study of Possible Adsorption of Chromogen by Bacterial Cells of 
Enzyme Suspension In the determination of endogenous creat- 
inine, exceedingly low values are found for some tissues; and in 
the case of liver, frequently no creatinine can be detected. If any 
chromogen is adsorbed by the bacteria during the incubation 
period, then the residual chromogen indicated by the colorimetric 
readings would not represent the true residual value. Experi- 
ments with an enzyme suspension which had been inactivated by 
heating at 100° for 10 minutes gave no indication of adsorption of 
chromogen by the baeteria. 


DISCUSSION 


The methods presented in this paper were developed to achieve 
specificity in the determination of creatine. The specificity de- 
pends on the ability of the creatinine-decomposing enzyme to 
destroy creatinine but not closely related compounds which give 
color reactions with alkaline picrate or dinitrobenzoate. This 
specificity has been demonstrated for the NC organism by Dubos 
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and Miller (1937). Since in the methods presented here the cre- 
atine is determined by conversion to creatinine, the specificity of 
the enzyme for creatinine also applies to the estimation of creatine. 
Actually, with the NC, the specificity in the creatine determination 
is probably enhanced. As shown by Dubos and Miller, glyco- 
eyamidine reacts slightly with the enzyme. However, since 
glycocyamine is converted to glycoeyamidine by hot acid very 
slowly as compared with the dehydration of creatine into cre- 
atinine, the method for creatine described in this paper should 
differentiate very sharply between glycocyamine and creatine in 
tissues. (The details of the analysis of mixtures of these two 
compounds in biological materials will be published later.) 

By employing the Evelyn photoelectric colorimeter (or in some 
eases the Pulfrich stufenphotometer) for estimation of the color 
intensities, we have obtained precise and sensitive analyses of the 
creatinine or creatine equivalents of the chromogenic materials. 
Also, additional precision has been obtained in these measurements 
by making calibrations with pure creatinine or creatine under 
conditions identical with those employed in the analyses. 


SUMMARY 

Specific methods are described for estimation of creatine and 
creatinine in tissues. Creatine is converted to creatinine and 
estimated by means of the color reaction with alkaline picrate 
before and after incubation with an enzyme specifically adapted 
to the decomposition of creatinine. Creatinine is extracted from 
the tissues with hot water and determined by a modification of 
the specific, enzymatic method for biological fluids previously 
deseribed by Miller and Dubos. 

In addition to their specificity, the methods are accurate and 
sensitive. 

The authors are indebted to the Valentine’s Meat Juice Com- 
pany for the creatine and creatinine employed in this study. 
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STUDIES ON THE METABOLISM OF CREATINE 
AND CREATININE 


II. THE DISTRIBUTION OF CREATINE AND CREATININE IN THE 
TISSUES OF THE RAT, DOG, AND MONKEY * 


By ZELMA BAKER ann BENJAMIN F. MILLER 
(From the Department of Medicine of the University of Chicago, Chicago) 
(Received for publication, July 8, 1939) 


In Paper I specific methods were described for the determination 
of creatine and creatinine in tissues. When these methods were 
applied to the analysis of mammalian tissues, they gave, in certain 
tissues, values for true creatine and creatinine which were con- 
siderably lower than those found by previous investigators who 
employed non-specific methods. It thus seemed necessary to 
make a fairly complete survey of a number of tissues to find their 
true creatine and creatinine contents. This paper presents such 
a survey of the tissues of the rat, dog, and monkey, not only as a 
contribution to the ‘“‘chemical morphology” of tissues, but also 
as an aid in the understanding of the metabolism of creatine and 
creatinine. It seems reasonable to postulate that tissues with 
high contents of these compounds are probably specially adapted 
to their synthesis, interconversion, or storage. 


EXPERIMENTAL 


Creatine and creatinine were determined in tissues by the 
method of Miller, Allinson, and Baker (1939). Except in one 
case the rats used were adult males. One normal female monkey 
and one normal female dog were also studied. The rats were 
killed by decapitation and their tissues analyzed immediately. 
The monkey was killed with ether, and the dog with nembutal. 


RESULTS AND DISCUSSION 


Table I presents the results obtained in a study of the creatine 
content of rat tissues. Corresponding results for the dog and 


* Aided by a grant from the John and Mary R. Markle Foundation. 
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monkey are givenin Table II. Analyses of the creatinine contents 
of rat tissues are presented in Table IIT. 

Although fewer analyses were performed on the creatinine con- 
tent of monkey and dog tissues, the results appeared to parallel 
those obtained on rat tissues. 

Distribution of Creatine—Since the method adopted for the 
determination of creatine in tissues is based on that used by Rose, 
Helmer, and Chanutin (1927) for rat tissues, it is of interest to 
compare our results on rat tissues with those obtained by one of 


TABLE | 
Distribution of Creatine in Rat Tissues 
‘The values are given in mg. per 100 gm. of tissue. All values represent 
the average of duplicate determinations. 


Residual 


Tissue Apparent | Percent 
Gastrocnemius. .. 2 562 22 
Diaphragm 2 459 3] 428 93 
Heart muscle 2 217 21 196 90 
Testis. . 2 324 22 302 93 
Brain 156 26 130 83 
Intestinal muscle | 103 36 67 65 
Ovary... Sb 3] 55 | C4 
Pancreas | 2 74 32 42 56 
Kidney 3 54 28 26 48 
Spleen 3 57 42 15 26 
Lung . 2 47 33 14 30 
Liver... 4 37 31 6 16 


*100 & (true creatine)/(apparent creatine). 


these investigators (Chanutin, 1927). Chanutin reports the fol- 
lowing average values for tissues of rats on a normal diet (expressed 
in mg. per 100 gm. of wet tissue): muscle 449, testis 281, heart 174, 
brain 129, liver 33. We obtained for apparent creatine: gas- 
trocnemius 562, testis 324, heart 217, brain 156, liver 37; and for 
true creatine: gastrocnemius 540, testis 302, heart 196, brain 130, 
liver 6. Since we used the gastrocnemius almost entirely, our 
results for muscle are not strictly comparable to those of Chanutin 
who employed the combined muscles of the hind leg. In all cases, 
except liver, our apparent and true creatine values are higher than 
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the results given by Chanutin; these may be due to differences in 
diet or the strain of rat employed. 

The difference in the results obtained with liver appears to be 
very significant, since in this tissue there exists a striking dis- 
crepancy between apparent and true creatine. Similar, but less 


TABLE II] 


Distribution of Creatine in Tissues of Dog and Monkey 


Anima Tissue | | | 

Dog Gastrocnemius 332 23 309 93 
Diaphragm 308 23 375 O4 
Heart muscle 344 7 326 O5 
Brain 150 21 129 86 
Spleen 47 20) 27 57 
Pituitary 81 42 39 48 
Ovary 36 25 11 31 
Lung 31 22 30 
Pancreas 34 24 10 29 
Kidney 33 24 i) 27 
Submaxillary 44 34 10 23 
Adrenal 39 32 ae 18 
Liver 54 48 6 11 

Monkey Gastrocnemius 485 10 475 OS 
Diaphragm 446 15 431 97 
Heart muscle 217 IS 199 | 92 
Uterus 36 4 32 SY 
Liver 62 22 40 6-4 
Kidney 53 20 33 62 
Pancreas 49 24 25 5] 
Ovary 40 20 20 SU 
Spleen 50 31 
Lung 3l 23 S 26 


Material from only one monkey was available. Wherever possible, 
analyses were made in duplicate. 
*100 X (true creatine)/(apparent creatine) 


marked discrepancies appear in a number of other organs. In 
skeletal muscle, testis, and brain the true creatine averages 83 
to 96 per cent of the apparent value, but in other organs such as 
intestinal muscle, pancreas, spleen, lung, kidney, and liver, the 
true creatine constitutes only 16 to 65 per cent of the apparent 
creatine. 
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We have not investigated the nature of the non-creatine chromo- 
genic fraction in tissues. 

Distribution of Creatinine in Tissues—-The creatinine concentra- 
tion is highest in muscles (gastrocnemius, heart, and diaphragm), 


TABLE III 
Distribution of Creatinine in Rat Tissues 

No. of App t I > 

Tissue animals creatinine creatinine Per cent 
Gastrocnemius 2 5.9 4.5 8] 
Diaphragm.... | 2 3.8 0.6 3.2 S4 
Heart muscle.. | 2 4.0 1.0 3.0 75 
2 5.0 1.0 4.0 80) 
rae 2 1.8 0.8 1.0 55 
Pancreas. 0.5 0.4 0.1 20) 
Kidney....... 2 2.8 0.7 25 
Splieen........ 2 0.6 0.3 0.3 50) 
2 0.7 0.6 0.1 14 
Laver. ... 4 1.6 1.5 0.1 


* 100 (true creatinine)/(apparent creatinine). 


TABLE IV 
True Creatine and Creatinine Contents of Rat Tissues 


Ratio, creat ine 


Creatine Creatinine to creatinine 


mg. per 100 gm. mg. per 100 gm, 


Gastrocnemius er 534 4.8 111 
Diaphragm . cP 424 3.2 133 
Heart muscle. | 192 3.0 64 
297 4.0 74 
Brain.. 129 1.9 129 
Kidney. 26 0.7 37 
Spleen... 15 0.3 50 
14 0.1 140 

0.1 60 


in testis, and in brain, and is considerably lower in kidney and 
spleen, and very low in pancreas, lung, and liver. The values for 
all the tissues range from 4.8 to 0.1 mg. per 100 gm. of tissue. It 
is of particular interest to note that in the spleen, lung, liver, and 
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pancreas the concentration of creatinine is much lower than in an 
ultrafiltrate of plasma; this leads one to suspect that perhaps 
these tissues are concerned with the conversion of creatinine to 
creatine or other compounds. 

Values reported in the literature for the creatinine content of 
muscle agree fairly well with ours. This result is to be expected, 
since we find that in the case of muscle the major portion of the 
apparent creatinine is true creatinine. In the case of many other 
tissues examined, however, the values reported hitherto far exceed 
those obtained by our specific, enzymatic method. 

Relation between Creatine and Creatinine Content of Tissues 
Table IV shows that the distribution of creatinine corresponds 
roughly to that of creatine in the tissues examined. Despite a 
100-fold variation in creatine concentration between the tissues, 
and a 50-fold variation in creatinine content, the ratios between 
these compounds in the various tissues fall within a very narrow 
range, the maximum variation from tissue to tissue being 3.5 times. 
These results would seem to indicate that there exists in many 
tissues an interrelationship between creatine and creatinine. 


SUMMARY 


Creatine and creatinine concentrations in the tissues of the rat, 
dog, and monkey have been determined by the specifie methods 
described in the preceding paper. In muscle and testis the values 
agree fairly closely with the “apparent”? concentrations found by 
non-specific techniques. However, in many other tissues, notably 
liver, it has been demonstrated that the true creatine and cre- 
atinine concentrations are much lower than those hitherto ac- 
eepted. Also, a fairly constant ratio has been found between the 
concentrations of true creatine and creatinine in various tissues. 
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XVIII. THE PRODUCTION OF A BASE FROM LYSERGIC ACID 
AND ITS COMPARISON WITH SYNTHETIC 6,8-DIMETHYL- 
ERGOLINE 


By WALTER A. JACOBS anon R. GORDON GOULD, Jr. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 30, 1939) 


The synthesis of 6-methylergoline (1) was recently reported 
(1). At that time an attempt was made to obtain the same base 
by decarboxylation of dihydrolysergic acid. However, dihydroly- 
sergic acid has been found (2) on pyrolysis to lose water instead of 
éarbon dioxide with the formation of an unsaturated lactam to 
which formula (II) has been assigned. This fact, together with 
titration studies (3), led to a revision of the proposed structural 
formula of lysergic acid to the extent that the carboxyl group is 
now assigned to position 8 instead of position 7 as had been pro- 
visionally assumed. 

More recently we have attempted to obtain direct proof of this 
structure by a somewhat different plan of attack; namely, the 
preparation of 6,8-dimethylergoline both by synthesis and from 
the above unsaturated lactam. Synthesis has indeed yielded a 
crystalline 6,S8-dimethylergoline which has also been characterized 
as the hydrochloride. A base has also been obtained from dihy- 
drolysergic acid, which likewise formed a crystalline hydrochloride. 
The substances from both sources showed practically identical 
properties with the exception that the base from lysergic acid 
proved to be optically active, as was to be expected, and also 
possessed a lower melting point. The mixed melting point 
showed, however, no appreciable depression. 

The base from lysergic acid was prepared as follows: Dihy- 
drolysergic acid, as previously described by Jacobs and Craig (2), 
gave on pyrolysis the unsaturated lactam (11) which was cata- 
lytically hydrogenated to the saturated lactam. Sodium-buty] 
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alcohol reduction of this lactam has now yielded a mixture of basic 
products. From previous work on the sodium-alcohol reduction 
of lactams, principally that of Wallach (4), it was to be expected 
that a mixture of the desired tetracyclic base and of the tricyclic 
amino alcohol resulting from reductive cleavage of the lactam 
grouping would result. In an effort to separate the cyclic base 
from such a by-product, the reaction mixture was subjected to 
fractional sublimation zn vacuo. From the small fraction which 


sublimed a crystalline hydrochloride was obtained which in turn 
yielded the base CygHeoNe itself. 

The synthesis of 6,8-dimethylergoline was carried out by a 
modification of the method already described for 6-methylergoline 
(1). 3-Amino-l-naphthoie acid was converted into 3-methyl-d ,6- 
benzoquinoline-?-carboxylic acid (II1) by a modification of the 
Skraup reaction first employed by Darzens and Meyer (5) in 
which the a,y-diethyl ether of B-methylglycerol is used in place 
of glycerol itself. Nitration of this substance gave principally 
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the 3’-nitro derivative (IV). Reduction of the nitro group fol- 
lowed by lactamization yielded the bright yellow lactam of 
3’-amino-3-methyl-5 ,6-benzoquinoline-7-carboxylic acid (V). This 
substance was converted into the methiodide (VI) and the latter 
into the more soluble methochloride. On catalytic hydrogenation 
of the latter, 2 moles of hydrogen were absorbed with the for- 
mation of the hydrochloride of 1,2,3,4-tetrahydro-3’-amino-3- 
methyl-5 acid lactam (VII). Redue- 
tion of this substance with sodium and butyl alcohol gave a 
mixture from which a 6,S8-dimethylergoline (VIIL) was readily 
isolated as the beautifully crystalline hydrochloride. From the 
latter the erystalline base was obtained. This base has 3 asym- 
metric carbon atoms, and although all four possible racemic 
stereoisomers can be formed in the synthesis, it is possible that a 
particular one may be preponderant or possess most favorable 
solubility properties, making its isolation in homogeneous form 
possible. The substance which we have isolated was obtained 
ina yield of roughly 5 to 10 per cent from the crude reaction prod- 
uct and appeared to be homogeneous. 

However, the possibility of stereochemical complications makes 
at once obvious the difficulty of proving the identity of the 
substances obtained from both synthetic and natural sources. 
Further work is therefore now in progress in an effort to obtain a 
final solution of the problem, both by resolution of the synthetic 
6 ,8-dimethylergoline and by repetition of the degradation of 
lysergic acid now reported, but starting with the racemic acid. 

linally many unsuccessful attempts were made to oxidize the 
3-methyl group in 3-methyl-3’-amino-5 ,6-benzoquinoline-7-car- 
boxylic acid lactam (V) with a variety of oxidizing agents, but 
only unchanged material or more extensive oxidation products 
could be isolated. The preparation of the 2-methyl isomer, 7.c. 
3’-amino-5 acid lactam from the 
previously reported 5,6-benzoquinaldine-7-carboxylic acid, is also 
described. No attempt was made to prepare the corresponding 
6 ,7-dimethylergoline from this lactam. 


EXPERIMENTAL 


3-Methyl-5 ,6-Benzoquinoline-7-Carboxrylic Acid--27 gm. of 3- 
amino-l-naphthoie acid sulfate, which had been reerystallized 
from methyl alcohol, were mixed with 18 gm. of the a, y-diethy! 
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ether of 6-methylglycerol (methyldiethylene of Darzens and 
Meyer (5)), 6 gm. of nitrobenzene, and 7.5 ec. of HeSO, (1.84). 
The mixture was heated under a reflux with mechanical stirring 
to 130-135° for 8 hours. 4 ec. of H2SO, were then added and the 
mixture was heated to 130-140° for 8 hours. After further addi- 
tion of 4 ec. of H»SO,, heating was continued at 150-160° for 8 
hours. The mixture was diluted with 500 cc. of water, heated to 
boiling, and filtered. The filtrate was made alkaline to Congo 
red by the addition of NaOH solution and solid sodium acetate. 
After the mixture had stood in the cold, the black tarry precipi- 
tate was collected and erystallized as the sodium salt from con- 
centrated NaOH solution or from 10 per cent NaOH) solution 
containing NaCl. It was then recrystallized with the use of 
norit several times as the hydrochloride from dilute HCI] solution. 
The hydrochloride (7 gm.) was obtained as colorless, long, woolly 
needles. 

The free base recrystallized from pyridine formed large, trans- 
parent, flat needles which melted at 320. 324° with decomposition. 


C,H Calculated, 75.92, H 4.68: found, 75.08, H 4.60 


The ethyl ester, after reerystallization from aleohol, melted at 
85- 86°. 
C.7H,;,O.N. Calculated, C 76.94, H 5.70; found, C 77.06, H 5.36 


3-M ethyl-3'-Nitro-6 ,6-Benzoquinoline-7-Carborylic Acid Nitra- 
tion of the above substance was achieved both by boiling in excess 
nitric acid (1.4) and by solution in fuming nitric acid (1.58) at 
room temperature. After recrystallization from pyridine, the 
substance melted at 320-324° with decomposition. 


CisH Calculated, 63.81, H 3.5¢ found, 63.79, H 3.93 


This material may still be a mixture of mononitro derivatives 
but must consist of the 3’-nitro derivative to the extent of at least 
70 per cent, as is shown by the amount of the following lactam 
produced on reduction. 

3-Methyl-3’-A mino-d Acid Lae- 
lam -10 gm. of the above nitro derivative were reduced with 
ferrous hydroxide (1) and the product was isolated as the hydro- 
chloride. This was recrystallized several times from dilute HC! 
(with norit) and finally converted into the free base. The yield 
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was 7 gm. of product which still contained a trace of red material 
that was very difficult to remove. After reerystallization from 
pyridine and then from alcohol (with use of norit) the lactam was 
finally obtained as light yellow needles which melted at 288-289°. 


();H;pON>. Caleulated, C 76.89, H 4.31; found, C 76.90, H 4.27 


3-Methyl-3'-A mino-5 Acid Lae- 
tam-1-\Methiodide (VI) (and Methochloride)— Treatment of the 
above lactam with excess methyl iodide in methyl aleohol at 100° 
for 8 hours gave a quantitative yield of the bright red, erystalline 
methiodide. It was analyzed after thorough washing with alcohol 
and recrystallization from water. It melted at 294-296°, with 
decomposition. 


CisH Caleulated. C 51.06, H 3.48, N(CH) 4.0 
Found. “* $1.43, “* 3.53, 2.9 


The methiodide proved to be so insoluble that it was found difficult 
to work with it. It was therefore converted into the methochloride 
by addition in small portions to a hot aqueous suspension of 
freshly precipitated silver chloride. After filtration, addition of 
HCl or of NaCl caused crystallization of the methochloride in 
orange-red needles. The yield was practically quantitative, and 
the substance melted at 290-295°, with decomposition. 


CigH,sON.ClL Calculated, C 67.47, H 4.60; found, C 66.50, H 5.01 


,2,3,4-Tetrahydro-1 ,3-Dimethyl-3'-A mino-5 ,6-Benzoquinoline- 
i-Carboxylic Acid Lactam (VII)--The above methochloride was 
dissolved in water and reduced with platinum oxide catalyst and 
hydrogen. After the absorption of a little more than 2 moles, 
the reaction was interrupted. The precipitate of the tetrahydro 
derivative which formed was collected. The product was sepa- 
rated from platinum by being dissolved in hot acetic acid. After 
concentration of the filtrate and the addition of water, the yellow 
tetrahydro derivative separated in a yield of about 30 per cent. 
It melted at 249 250°, with decomposition. 


CisH ONe. Caleulated, C 76.15, H 6.40; found, C 76.09, H 6.43 


6 ,8-Dimethylergoline 1.1 gm. of the above tetrahydro deriva- 
tive were reduced in two portions with 4 gm. of Na in 80 ce. of 
butyl aleohol in the usual manner. After removal of the solvent, 
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the alkaline aqueous mixture was extracted with CHCl. After 
eoncentration of the extract to a few cc., 2 ce. of water were added 
and the mixture was made just acid to Congo red with dilute HC, 
which caused the mixture to turn very dark. 6,8-Dimethylergoline 
hydrochloride crystallized practically colorless leaflets. On 
recrystallization from water it formed glistening leaflets in a yield 
of 0.05 gm. The substance was dried at 120° in vacuo for analysis. 


CigHeoNe-HCl. Caleulated, C 69.40, H 7.65; found, C 68.20, H 7.95 


The hydrochloride was decomposed in aqueous solution with 
NaOH, and the base was extracted with chloroform. After re- 
crystallization from methyl aleohol, the colorless substance melted 
at 222-223". 

CigsHepNeo. Caleulated, C 79.94, H 8.39; found, C 79.90, H 8.33 


Preparation of the Base, CyglooNe, from Lysergic Acid 0.25 gm. 
of the unsaturated lactam (II) from dihydrolysergic acid (2) was 
catalytically hydrogenated. The entire hydrogenation product, 
only part of which was crystalline, was dissolved in 40 ec. of butyl 
alcohol. 2 gm. of sodium were added to the boiling solution and 
the mixture was vigorously shaken. After removal of solvent in 
vacuo, the aqueou’ alkaline mixture was extracted with chloroform. 
The residue from the latter was sublimed at 0.15 mm. and yielded 
a pale yellow, resinous sublimate at 200-220°. The chloroform 
solution of the sublimate was treated with dilute HCl and a crystal- 
line hydrochloride gradually separated on cooling. It was col- 
lected with dilute HCl in a yield of about 20 to 25 mg. On 
recrystallization from 1 per cent HCl it formed diamond-shaped, 
transparent platelets. 


[alp = —30° (c = 0.27 in water) 
The substance was dried at 120° 7n vacuo for analysis. 


CisHaNeoCl. Caleulated, C 69.40, H 7.65; found, C 68.33, H 7.61 


As in the case of the synthetic dimethylergoline hydrochloride, 
the carbon figures proved to be low. However, this discrepancy 
was probably due to retained moisture. The analytical values 
calculated on the desiccator-dried substances in the case of both 
the synthetic and degradation products were as follows: 
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Calculated. C 61.41, H 8.06 

Substance from lysergic acid. Found. (a) C 61.66, H 8.11 
“ (6) 61.89, “ 7.94 

Synthetic substance. 61.57, ** 8.26 


The free base obtained from the salt formed a crystalline powder 
which gave a micromelting point of 205-212°. There was not 
sufficient material available for recrystallization to constant melt- 
ing point. 

CieHooN:. Calculated, C 79.94, H 8.39; found, C 79.84, H 8.59 


‘The micromelting point of 6,8-dimethylergoline under similar 
conditions was 226-227°. The mixture melted at 205-220° and 
therefore there was no apparent depression. The difference in 
melting points of the substances from the two sources may be 
attributed to stereochemical factors. 

3’- Nitro-5 ,6- Benzoquinaldine-7-Carborylic Acid —5 ,6-Benzo- 
quinaldine-7-carboxylic acid (1) was nitrated with fuming nitric 
acid (1.58) at room temperature, and a mixture principally of 
mononitro derivatives was obtained in excellent yield. The 3’- 
nitro derivative was not isolated as such but the crude mixture 
was reduced directly. 

3’-Amino-5 ,6-Benzoquinaldine-7-Carborylic Acid Lactam— The 
above mixture of nitro derivatives was reduced with ferrous hy- 
droxide and alkali as usual. After acidification to Congo red with 
HCl and heating, the hydrochloride of the quinaldine lactam 
separated as red rods, in a yield of about 50 per cent. After 
conversion into the base and recrystallization from pyridine, the 
substance melted at 319-320°, with decomposition. 


CisHyoONes. Calculated, C 76.89, H 4.31; found, C 77.06, H 4.30 


Catalytic hydrogenation of the mixture of nitro compounds in 
acetic acid containing 0.5 per cent HCl gave the same yield of 
lactam. 
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THE PREPARATION OF CERTAIN TRIMETHYLENE- 
INDOLE DERIVATIVES 


By R. GORDON GOULD, Jr., ann WALTER A. JACOBS 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 30, 1939) 


In a previous communication (1) the synthesis of a new type 
of indole derivative, 3,4-trimethyleneindole, was reported in 
connection with the synthesis of ergoline. More recently, the 
preparation of several additional substituted trimethyleneindoles 
has been accomplished by the application of similar synthetic 
procedures to various substituted naphthostyrils. 

3-Aminonaphthostyril (1) was obtained from 3-amino-1- 
naphthoic acid by nitration to 8-nitro-3-amino-l-naphthoie acid 
followed by reduction and lactamization. The nitration of 3- 
amino-l-naphthoie acid gave a mixture which appeared to consist 
essentially of two isomeric nitro-3-amino-l-naphthoic acids. 
These acids were readily separated by virtue of the apparent 
difference in the acidic strength of their carboxyl groups, which 
permitted fractional precipitation of one of them by acetic acid, 
followed by precipitation of the second substance by mineral 
acid. ‘The former, which was red in color, was probably 45- 
nitro-3-amino-1-naphthoic acid, although the position of the nitro 
group was not definitely established. On reduction it yielded 
a diaminonaphthore acid which was isolated as the dihydrochloride. 
The free diamino acid was found to be unstable but its diacetyl 
derivative Was prepared. 

The second substance, which was orange-yellow in color, proved 
to be 8-nitro-3-amino-I-naphthoic acid, since, after reduction of the 
nitro to the amino group, lactamization occurred with the pro- 
duction in good yield of the intensely yellow 3-aminonaphthostyril. 

An alternative method of preparation, from 3-nitro-l-naphthoic 
acid through the steps of nitration to 3,8-dinitro-l-naphthoic 
acid and reduction to 3,8-diamino-l-naphthoie acid, gave finally a 
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mixture of products which apparently contained 3-aminonaph- 
thostyril. This, however, proved very difficult to separate from 
the mixture in pure form. 

Reduction of 3-aminonaphthostyril with sodium butyl 
alcohol gave a mixture of products from which B-amino-3 , 4-tri- 
methyleneindole (11) was isolated, first as the pierate. The base 
itself proved to be an oil but formed, besides the picrate, a crystal- 
line hydrochloride and sulfate. 

Naphthostyril-4-carboxylic acid was prepared from naph- 
thalene-1 ,4-dicarboxylic acid through the following steps. On 
nitration 45-nitronaphthalene-1 ,4-dicarborylic acid was obtained, 
which in turn on reduction yielded the intermediate 5-amino- 


H NH 
HN —CO 
H, 
H 
I Il 
HCOOH, 
COOH H 
IV 


naphthalene-1 ,4-dicarboxylic acid. The latter was not isolated 
as such but was lactamized with the production of naphthostyril- 
4-carboxylic acid. On reduction of the latter with sodium and 
butyl alcohol trimethyleneindole-y-carborylic acid (IV) was pro- 
duced, which was characterized also as its methyl ester. 

Reduction of the ester of naphthostyril-4-carboxylic acid 
gave a neutral fraction from which a crystalline picrate was ob- 
tained. This was presumably y-hydrorymethylene-3 , 4-trimethyl- 
eneindole picrate, although the analytical figures obtained with it 
were not in very good agreement with the calculated values. 
The indole itself proved to be an oil and was not analyzed. Cat- 
alytic hydrogenation of the ethyl ester gave 1 ,2,3,4-tetrahydro- 
naphthostyril-4-carborylic ethyl ester. On saponification, the 
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lactam ring was simultaneously opened and the hydrochloride of 
8-amino-1 ,2,3,4-tetrahydronaphthalene-1 ,4-dicarborylic acid was 
isolated. 

A few derivatives of 3-amino-l-naphthoie acid which were 
encountered in our work and not hitherto reported are described in 
the experimental part. 


EXPERIMENTAL 


3-Amino-1-Naphthoic Acid—This acid, first prepared by Leuck, 
Perkins, and Whitmore (2), was obtained as the sulfate in excel- 
lent yield, as previously described by us. For the nitration of the 
amino acid it was found advisable to prepare a pure nitrate, and 
for this purpose initial separation of the amino acid from the 
erude sulfate was a necessary preliminary. This proved to be 
somewhat troublesome until the following procedure was devised. 

The finely powdered sulfate was dissolved in dilute ammonia 
and the solution was extracted with ether which was discarded. 
A large volume of fresh ether was then added, followed by dilute 
HCI in small portions, with frequent shaking, until the first 
appearance of a permanent precipitate. Tartaric acid solution 
was then fractionally added. After each addition of the latter, 
the mixture was extracted with ether. This alternation of acidi- 
fication and ether extraction was continued until the aqueous 
phase became acid to Congo red and a sample of the ether extract 
no longer gave a white precipitate with a few drops of sulfuric 
acid. ‘The combined ether extracts were then worked up in the 
usual manner. 3-Amino-l-naphthoic acid was obtained on con- 
centration of the ether extract in good yield. It melted at 
178-179° and was slightly pink in color. Leuck et al. reported 
181-182° for their purest preparation. 

3-Amino-l-naphthoie acid nitrate was most conveniently pre- 
pared by addition of the above ether solution to a mixture of ice 
and an excess of dilute nitric acid. The almost colorless nitrate, 
after collection, was recrystallized from water or methyl! alcohol 
and melted at 225-230° with decomposition. 


Cy,H»O.N-HNOs. Calculated, C 52.78, H 4.03; found, C 53.03, H 4.20 


The Methyl Ester—This ester was prepared by saturation of the 
refluxing suspension of the sulfate in methyl alcohol with HCl. 
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The free ester was obtained from ether as transparent rhombs 
and from dilute methyl aleohol as needles which melted at 72-73°. 


Cy»HiO2N. Caleulated, C 71.61, H 5.52; found, C 71.88, H 5.66 


The acetyl derivative which was obtained from the ester with 
acetic anhydride was recrystallized from dilute methyl alcohol 
and melted at 136-137°. 


Ci4Hi303N. Calculated, C 69.10, H 5.39; found, C 69.15, H 5.68 


The Ethyl Ester——The amino acid sulfate was refluxed in absolute 
alcohol with HCl. On concentration a crystalline mass of the 
ester hydrochloride resulted, which was recrystallized from dilute 
HCl and from a mixture of alcohol and ether. It melted at 
193-194° with decomposition. 


Cy3H,4O,NCl. Calculated, C 62.01, H 5.61; found, C 62.22, H 5.75 


The free ester obtained from the hydrochloride formed a viscous 
oil which distilled at 170-175° at 0.5 mm. and did not erystallize. 


Ci3H;;302N. Calculated, C 72.52, H 6.09; found, C 72.42, H 6.10 


The acetyl derivative formed colorless prisms from alcohol which 
melted at 175-176°. 


CisHisO3N. Calculated, C 70.00, H 5.88; found, C 70.19, H 5.52 


Nitration of 3-Amino-1-Naphthoic Acid—-10 gm. of the finely 
powdered 3-amino-l-naphthoic acid nitrate were added in small 
portions, with vigorous stirring, to 100 ce. of HeSO, (1.84) kept 
at —30° to —40°. The solution was poured into 1 liter of ice 
and water and the pink crystalline precipitate was collected. 
The mixture of nitroaminonaphthoic acids was dissolved in dilute 
ammonia and the red solution was acidified with acetic acid. 
A dark red crystalline substance separated in a yield of 3 gm. 
The orange-red filtrate gave no further precipitate on addition of 
excess acetic acid but cautious addition of dilute HeSO, gave a 
crystalline, orange precipitate of the amino acid, or a colorless, 
crystalline precipitate of the sulfate on addition of excess HeSO,. 
The yield of sulfate was about 6.5 gm. 

The dark red isomer gave no lactam on reduction and was 
presumably 3-amino-5(?)-nitro-1-naphthoic acid. It melted at 
303-308° with decomposition. 


CrHsO.Ne. Calculated, C 56.88, H 3.47; found, C 56.92, H 3.81 
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The orange isomer gave 3-aminonaphthostyril on reduction 
and hence must have been 3-amino-8-nitro-1-naphthoic acid. It 
formed glistening orange-yellow platelets from water, and after 
repeated recrystallization melted at 230-231° with decomposition. 


CiHsOyNe2. Calculated, C 56.88, H 3.47; found, C 56.90, H 3.72 


The hydrochloride formed colorless needles from dilute HCL. 
Lhe acetyl derivative formed colorless crystals from alcohol, 
which melted at 274-276° with decomposition. 


CisHioOsNe. Calculated, C 56.91, H 3.68; found, C 57.10, H 3.78 


38-Aminonaphthostyril (1)—3-Amino-8-nitro-l-naphthoie acid 
was reduced with ferrous hydroxide as previously described (3). 
The iron-free solution was made acid to Congo red with HCI and 
boiled. The cooled solution was then brought to the alkaline 
side with NaeCO3; and the lactam crystallized in voluminous 
yellow needles. After recrystallization from about 40 parts of 
alcohol it formed long, golden yellow needles which melted at 
238-240°. 

C,,H;,ON2. Calculated, C 71.71, H 4.38; found, C 71.90, H 4.33 


The picrate separated from alcohol as yellow needles which 
melted at 245-250° with decomposition. 


CyuHsONe-CeH;O7;N 5. Calculated, C 49.38, H 2.68; found, C 49.70, H 2.95 


The acetyl derivative, after recrystallization from alcohol, melted 
at 300-302° with decomposition. 


Ci3H1002N 2. Calculated, C 69.00, H 4.46; found, CG 68.89, H 4.48 


3 ,5(2)-Diamino-1-Naphthoic Acid—Reduction of the above 
3-amino-5(?)-nitro-l-naphthoic acid with ferrous hydroxide gave 
the diamino acid which was isolated as the dihydrochloride. It 
formed needles from dilute HCl, which melted at 305-308° with 
decomposition. 

CyHpOeNeCl,. Calculated, C 47.99, H 4.40; found, C 48.47, H 4.35 
The free diamino acid was found to be sensitive to air and no 
attempt was made to isolate it. 

The diacetyl derivative, after precipitation from dilute pyridine 
by the addition of excess acetic acid, melted at 323-330° with de- 
composition. 

C yO Calculated, 62.91, H 4.93; found, 63.06, H 5.26 
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B-Amino-3 ,4-Trimethyleneindole—1 gm. of 3-aminonaphtho- 
styril in boiling butyl alcohol was treated with 7.5 gm. of sodium in 
three portions with vigorous shaking. After addition of water 
and removal of butyl alcohol in vacuo the indole was extracted 
with ether. The concentrated extract left a residue which was 
dissolved in alcohol and treated with an aleoholic solution of 
picric acid. 1.7 gm. of red picrate were obtained from four runs 
or in a yield of about 20 per cent. After recrystallization from 
alcohol it melted at 242-248° with decomposition. 


CipHieNe-CeH;O7;N;3. Calculated, C 50.85, H 3.77; found, C 51.03, H 3.67 
The hydrochloride formed colorless leaflets from dilute HC] 
solution. It melted at 215-222° with decomposition, and was 
hygroscopic. 

CyHiyNe-HCl. Calculated, C 63.28, H 6.28; found, C 63.20, H 6.75 


The base itself could not be obtained crystalline. 

5-Nitronaphthalene-1 ,4-Dicarboxrylic Acid ~-Naphthalene-| ,4- 
dicarboxylic acid (4) was nitrated with fuming nitrie acid (1.58) 
at O°. The product was analyzed without purification. It 
melted at 270-274° with decomposition. 

Cy»HOsN. Calculated, C 55.16, H 2.70; found, C 55.25, H 2.82 

Naphthostyril-4-Carborylic Acid—6 gm. of the nitro derivative 
on reduction with ferrous hydroxide yielded 4.4 gm. of 5-amino- 
naphthalene-1 ,4-dicarboxylic acid lactam (naphthostyril-4-car- 
boxylic acid). The orange-yellow substance formed clusters of 
needles when precipitated from an alkaline solution by addition of 
mineral acid. It did not melt below 350°. 


Cy2zH7O3N. Calculated, C 67.58, H 3.31; found, C 67.61, H 3.77 


The methyl ester after recrystallization from glacial acetic acid 
melted at 260-261°. 


C,;sH»O;N. Calculated, C 68.70, H 3.99; found, C 68.89, H 4.04 


The ethyl ester, after recrystallization from acetic acid, melted at 
217-218°. 
CyuH},0O;N. Calculated, C 69.68, H 4.60; found, C 69.60, H 4.37 


3, 4-Trimethyleneindole-y-Carboxylic Acid—Since naphthostyril- 
4-carboxylic acid itself did not dissolve rapidly enough under the 
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conditions required for reduction to the indole, it was found neces- 
sary to use the ammonium salt. This was prepared by solution 
of the acid in dilute ammonia and concentration to dryness. 
1.2 gm. of the finely powdered salt were dissolved in 150 ce. of 
boiling butyl alcohol and treated with 10 gm. of sodium, with 
vigorous shaking. In accordance with the usual procedure the 
indole acid was extracted from aqueous acid solution by ether. 
The yield of crude product was about 0.7 gm. After recrystal- 
lization from aqueous methyl alcohol, it melted at 142-144°. 


Cy.HyOWN. Calculated, C 71.61, H 9.51; found, C 71.85, H 5.40 


It gave a red picrate which melted at 168-170° with decomposition. 

The methyl ester, prepared with diazomethane, was purified by 
sublimation 7m vacuo (140—-150° at 0.4 mm.) followed by recrystal- 
lization from a small volume of methyl! alcohol. It separated as 
beautiful 6-sided platelets which melted at 82-84°. 


CysHisO2N. Calculated, C 72.52, H 6.09; found, C 72.77, H 5.83 


y - Hydroxymethylene - 3,4 - Trimethyleneindole— Reduction — of 
naphthost yril-4-carboxylic ethyl (or methyl) ester with sodium and 
butyl aleohol was carried out in the usual manner. The aqueous 
alkaline mixture was extracted with chloroform and the combined 
chloroform extracts were washed thoroughly with 1 per cent HCl 
and 1 per cent NaOH solutions. The residue from the chloroform 
solution was sublimed in the microsublimation apparatus at 0.2 
mm. and 150-175°. The almost colorless sublimate was treated 
with picric acid and the resulting red picrate was recrystallized 
from methyl alcohol by the addition of water. It melted at 
147 -150° with decomposition. 


CoH Calculated, C .91, H 3.388; found, C 52.98, H 4.17 


1,2,3,4 - Tetrahydro - 4 - Carbethoxry - 8 - Aminonaphthalene - 
1-Carboxylic Acid Lactam—The above naphthostyril-4-carboxylic 
ethyl ester was catalytically hydrogenated in acetic acid solution. 
After the absorption of somewhat more than 2 moles of He, the 
reaction was stopped. The product formed faintly greenish 
yellow needles from alcohol which melted at 175-177°. 


CisH,;03N. Calculated, C 68.54, H 6.16; found, C 68.32, H 5.96 


Treatment of the tetrahydro ester lactam with boiling NaOH 
solution, followed by acidification with HCl and cooling, gave the 
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colorless hydrochloride of 1 ,2,3 ,4-tetrahydro-8-aminonaphthalene- 
1 ,4-dicarborylic acid which melted at 300-309° with decomposi- 
tion. 


CryHyO.N-HCl. Calculated, C 53.02, H 5.20; found, C 52.52, H 5.45 
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: LETTERS TO THE EDITORS 


PRESERVATION OF BULL SEMEN 
Sirs: 

To date efforts on the part of research workers to preserve 
semen have not been too successful. In our laboratory recent 
studies indicate excellent results in preserving bull semen by the 
use of an egg yolk-buffer solution. 

The yolk is buffered at pH 6.7 with a phosphate buffer and the 
yolk-buffer-semen mixture stored in the refrigerator at a tem- 
perature of about 10°. The buffer is prepared with m/15 or 
M/12 dibasic sodium phosphate and monobasic potassium phos- 
phate. 3 parts of fresh egg yolk and 2 to 3 parts of buffer are 
mixed and the pH of the mixture adjusted to 6.70 with NasHPO,. 
The semen is then mixed with from 1 to 4 volumes of the yolk- 
buffer solution. Samples are drawn from this mixture for in- 
semination as occasion requires. Very active motility is preserved 
for 120 to 150 hours and there is still considerable movement at 
300 hours or more. ‘The motility results are supported by preg- 
nancy records for periods up to 100 hours. It is believed that the 
spermatozoa thus environed can be used successfully up to 100 
to 150 hours of age. 

This yolk-buffer solution diverges from the dilutor principle 
employed by other workers, since it is especially designed to meet 
the metabolic requirements of the sperm and is not primarily a 
semen dilutor, although it fulfils this requirement also. It ap- 
pears to provide a pabulum in which the energy and catabolic 
requirements are met. The details of these researches will be 
published later. 


Department of Biochemistry Pac. 
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BIOLOGICAL RESPONSES TO THE CONSTITUENT 
PARTS OF PANTOTHENIC ACID 


Sirs: 

The products of alkali cleavage of pantothenic acid (chick 
antidermatitis factor) have been shown by Williams et al.’ and by 
Woolley ef al? to be B-alanine and a hydroxy acid. While 6- 
alanine has been isolated in erystalline form from alkali-hydrolyzed 
concentrates of pantothenic acid, neither the whole molecule nor 
the other product of hydrolysis has been crystallized. Because of 
the special properties of the acidic portion,’ it is much easier to 
purify this compound than to isolate pantothenic acid itself. 
The identification of the former would solve the structure of 
pantothenic acid. However, in attempts at isolation of this sub- 
stance, each fraction must be coupled with 8-alanine by a series 
of reactions?:* before assays can be made. The difficulty of 
assuring constant yield throughout these reactions makes accurate 
determination of potency impossible. Therefore, a search has 
been made for an organism which will respond to the acid portion 
of the hydrolyzed vitamin. 

Woolley and Hutchings! have shown that many hemolytic 
streptococci require pantothenic acid. A complex medium treated 
with alkali did not support growth until riboflavin, pantothenic 
acid, and “reduced” iron were added. However, some members 
of the Lancefield Groups B and D grew to some extent on this 
medium without the addition of pantothenic acid. With the 
development of a synthetic medium for certain hemolytic strepto- 


1 Williams, R. J., Weinstock, H. H., Rohrmann, E., Truesdail, J. H., 
Mitchell, H. K., and Meyer, C. E., J. Am. Chem. Soc., 61, 454 (1939). 

2 Woolley, D. W., Waisman, H. A., and Elvehjem, C. A., J. Am. Chem. 
Soc., 61, 977 (1939). 

3 Woolley, D. W., Waisman, H. A., and Elvehjem, C. A., J. Biol. Chem.., 
129, 673 (1939). 

* Woolley, D. W., and Hutchings, B. L., J. Bact., in press. 
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ceoce! of Groups Band D®it was found that omission of pantothenic 
acid resulted in no growth. Strain H69D of Lancefield has now 
been found to respond to additions of either pantothenic acid, 
alkali-inactivated pantothenic acid, or the acid fragment of the 
molecule. The latter was prepared by the method of Woolley 
et al through the neutral hydroxy lactone. 

Thus it appears that, just as in the case of thiamine, there are 
organisms which require the whole pantotheme acid molecule, 
others which can subsist on one portion, and still others which 
use the remaining portion, for Myeller and Klotz® have shown that 
the diphtheria bacillus will grow on the 8-alanine portion. 


Medium (;rowth response 
2. (1) + pantothenic acid (0.1 y per ec.) +++ 
3. (1) + alkali-treated pantothenic acid (0.1 y per ec.). ++ 
4. (1) + B-alanine (1 y per cc.) _ 
5. (1) + lactone from (3). . 
6. (1) + basie liver concentrate : _ 
7. (6) + lactone from (3) | ++++ 


* See foot-note 5. Vitamin Bes (Merck, synthetic) was added and panto- 
thenic acid omitted. 


Representative data are shown in the accompanying tabulation. 
While Strain H6905 grew well but rather slowly on a synthetic 
medium containing only seven amino acids,® ‘ Strain H69D failed 
to grow unless more amino acids were added. Even then growth 
was slow, and, in contrast to that obtained with Strain H6905, 
never maximal. A basic substance in aqueous liver extract was 
found necessary for rapid, luxuriant growth of Strain H69D. 
It is possible to assay relatively pure concentrates of the acid 
portion of pantothenic acid without the addition of this basic 
substance. More rapid and sensitive assays are possible when 
concentrates of it are added. Also, since pantothenic acid is 


> Hutchings, B. L., and Woolley, D. W., Sctence, 90, 41 (1939). 
6 Mueller, J. H., and Klotz, A. W., J. Am. Chem. Soc., 60, 3086 (1938). 
7 Woolley, D. W., and Hutchings, B. L., J. Bact., in press. 
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somewhat more active than the constituent parts, assays cannot 
be made for the latter in the presence of the former. The above 
method should be useful in guiding crystallization procedures for 
the acid fragment. 


Hospital of The Rockefeller Institute D. W. Woo.Ley 
for Medical Research 
New York 
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ANDROGENS FROM THE URINE OF OVARIECTOMIZED 
WOMEN 


Sirs: 

While there seems to be at present general agreement that the 
various urinary steroids are excretion products of substances elabo- 
rated by the gonads or the adrenals, the correlation of these urinary 
substances with their site of origin is still a matter of considerable 
uncertainty. We have, therefore, started to examine the urine 
of women from whom the ovaries had been removed. While this 
work was in progress, Callow and Callow! announced their inten- 
tion of extending their study of 17-keto steroids to urine of this 
tvpe. We wish, therefore, to report our data dealing with the 
neutral ketonie fraction of the urine of ovariectomized women. 

250 liters of urine were collected during the winter months from 
nine women of premenopausal age on whom a bilateral salpingo- 
oophorectomy and supravaginal hysterectomy had been performed 
for chronic adnexitis and myoma 1 to 7 months prior to the date 
of collection. ‘The urine was promptly hydrolyzed and extracted 
with benzene. From the neutral ketonic fraction of this extract 
the digitonin-precipitable ketones were separated. Dehydro- 
isoandrosterone melting? at 141-151° was isolated from this frac- 
tion and further purified as the benzoate. (Analysis,’* calculated 
for CogH 3203, C 79.55 per cent, H 8.22 per cent; found, C 79.18, 
H 8.39.) The melting point (247-251°) was not depressed by 
admixture with an authentic sample. From the ketones that did 
not precipitate with digitonin androsterone and a physiologically 
inactive epimer a-3-hydroxyetiocholanone-17 were isolated by 
adsorption on alumina (according to Callow*) and subsequent 
fractional crystallization. Androsterone was identified by melting 
point (182-183°), mixed melting point (182-183°), specific rota- 


' Callow, N. H., and Callow, R. K., Biochem. J., 33, 931 (1939). 
> All melting points reported are corrected. 

* The microanalyses were performed by Mr. W. Saschek. 
‘Callow, N. H., Biochem. J., 33, 559 (1939). 
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tion (fa]” = +97°, | per cent in ethanol), and analysis (calculated 
for CygHso0Q0e2, C 78.57 per cent, H 10.41 per cent; found, C 78.64, 
H 10.46), as well as by the melting point (178-179°) and mixed 
melting point (178 179°) of the benzoate. The third substance 


was recognized as a-3-hydroxyetiocholanone-17 by its melting 


point (144-147°), rotation ({a]2° = +109°, 1 per cent in ethanol), 
and analysis (caleulated for CygH39Qe2, C 78.57 per cent, H 10.41 


per cent; found, C 78.72, H 10.57), and by the melting point of | 


benzoate (168-164.5°). The yields of these three compounds 
appeared to be only a little lower than those reported by Callow 
and Callow! for the urine of normal women. 

While it has been shown that the ovaries as well as the adrenals 
may elaborate an androgenic principle, it follows from our findings 
that the excretion of neither one of the two normally occurring 
urinary androgens, androsterone and dehydroisoandrosterone, nor 
of etiocholanolone is dependent upon the presence of the ovary. 
It is, therefore, to be expected that in normal women the three 
substances isolated originate at least partially in the adrenal cortex. 
While it seems likely that androsterone and etiocholanolone are 
metabolic end-products of a,6-unsaturated ketones of the adrenal 
cortex, a more definite suggestion as to their precursor or precursors 
in this gland will require additional experimental facts. 
Department of Obstetrics and Gynecology H. HirscHMANN 

University of Pennsylvania 


Philadelphia 
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THE “CARTILAGE GROWTH FACTOR” AND VITAMIN 
B, IN THE NUTRITION OF CHICKS 
Sirs: 

In studies on simplified diets for chicks it was found that when 
all the known factors were supplied, there was failure of growth 
until certain crude materials were added. Further investigation 
led to the conclusion that a new growth factor was involved. 

The basal ration used in these studies consisted of dextrin 64, 
purified casein 18, Salts III! 5, soy bean oil 5, brewers’ yeast 5, 
and liver extract 3. A vitamin A and D concentrate was fed 
separately. Chicks on this ration weighed about SO gm. at 4 
weeks of age, but if cartilage, kidney, brain, liver, wheat middlings, 
or polished rice were added, the weight was 160 gm. ‘The addition 
of chondroitin,? cholic acid,’ or edestin,’ failed to restore growth, 
thus differentiating the factor from the anti-gizzard erosion factor 
and arginine. 

The factor was not extracted from dried kidney by hexane, 
ether, alcohol, water, dilute acid, or alkali. It was destroyed 
by strong acid or tryptic digestion. Similar results were obtained 
with cartilage, but the factor was brought into solution from 
cartilage by autoclaving for 23 hours with 0.1 N H2SO,. From 
aqueous solution the factor was partially precipitated with 80 
per cent alcohol, not extracted with butanol, and not adsorbed 
on fullers’ earth. 

We prefer to eall this factor the “cartilage growth factor” until 
a more suitable name is available. Since polished rice shows good 
activity, the factor may be related to the one recently studied by 
Stokstad and Manning.° 


1 Arnold, A., and Elvehjem, C. A., Am. J. Physiol., 126, 289 (1939). 

2 Bird, H. R., Oleson, J. J., Elvehjem, C. A., and Hart, FE. B., J. Biol. 
(‘hem., 126, 671 (1938). 

Almquist, H. J., Sccence, 87, 538 (1938). 

‘Arnold, A., Kline, O. L., Elvehjem, C. A., and Hart, FE. B., J. Biol. 
Chem., 116, 699 (1936). 

Stokstad, L. R., and Manning, P. 1). V., Poultry Se. Assn. Abst. 
(1939). 
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If cartilage is added to the above ration and the yeast omitted, 
the chicks also grow very poorly. The addition of 30 micrograms 
of vitamin Beg (Merck) per chick per day produces markedly 
improved growth. The liver extract undoubtedly supplies during 
this period of growth all the other B vitamins except vitamin Beg. 
Since this ration contains no yeast, factor U of Stokstad and 
Manning® and the factor described by Norris and coworkers’ 
must be supplied by either the liver extract or cartilage. This 
work definitely establishes the essential nature of vitamin Be 
for chicks. Carter and O’Brien’ have also reported on the im- 
portance of vitamin Bg for this species. 


Department of Biochemistry Mark Heastrep 
{'niversity of Wisconsin J. J. OLESON 
Madison C. A. EKLVEHJEM 


B. Harr 
Received for publication, August 21, 1939 


*Stokstad, EK. L. R., and Manning, P. DD. V., J. Brol. Chem., 126, 687 
(1938). 

7 Baurenfeind, J. C., Schumacher, A. k., Hodson, A. Z., Norris, L. C., 
and Heuser, G. F., Proc. Soc. Exp. Biol. and Med., 39, 108 (1938). 

‘Carter, C. W., and O’Brien, J. R., Proc. 7th World’s Poultry Cong. and 
Exposition, 126 (1939). : 
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THE ENZYMATIC REDUCTION OF CYTOCHROME C; 
A NEW ENZYME 


Sirs: 

In the isolation of one of the yellow ferments,! it was found that 
an impure preparation of this enzyme catalyzed the reaction, 
eytochrome C + dibydrotriphosphopyridine nucleotide — re- 
duced cytochrome C + triphosphopyridine nucleotide, while the 
purified preparation did not. ‘This fact indicated the possible 
presence of a specific enzyme other than the yellow ferment under 
question which catalyzed this reaction. 

We have succeeded in extracting an enzyme from yeast which 
displays this catalytic property and we have been able to purify 
it 300-fold by the suecessive processes of fractional precipitation 
with ammonium sulfate, dialysis, fractional precipitation with 
alcohol, and repeated adsorptions on aluminum hydroxide with 
subsequent ammonium sulfate elutions. 

The protein is water-soluble and colorless. It can be dialyzed 
for 24 hours, or dried by desiccation at 0° without loss of activity 
and upon being heated to 45° for 5 minutes it loses 85 per cent of 
its activity. 

The rate of reduction of the cytochrome is measured spectro- 
photometrically. For a single experiment only 0.5 y of our purest 
preparation is necessary to obtain a conveniently measurable rate 
(half time of reduction about 9 minutes). The cytochrome is 
reduced by Warburg’s*® reducing system which consists of hexose- 
monophosphate, Zwischenferment, and triphosphopyridine nu- 
cleotide. Under the conditions of our experiment the rate is 
proportional to the concentration of the protein and is first order 
with respect to the eytochrome concentration. The concentra- 
tions of each of the test substances are as follows: 1 ec. of M/40 
phosphate buffer, pH 7.3; 5.4 & 10°% mole cytochrome; 2.7 x 

Haas, Biochem. Z., 298, 378 (1938). 


? Warburg, O., Christian, W., and Griese, A., Biochem. Z., 282, 157 
(1938). 
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mole triphosphopyridine nucleotide; 270 mole 
hexosemonophosphate (IX salt); 120 y Zwischenferment (impure 
preparation); temperature 24°; total volume 3 ce. 

Under these conditions triphosphopyridine nucleotide is_re- 
duced but the eytochrome remains in the oxidized form. Upon 
the addition of 1 y of our new enzyme 0.5 & 10-8 mole of cyto- 
ehrome is reduced per minute. Theorell® required 160 y of yellow 
ferment to bring about the same rate for this reaction. Our new 
enzyme in its yet impure state is 160 times as active as any that 
has been reported. A more complete account of this work will 
be submitted later for publication. 


Department of Chemistry IeRwWIn Haas 
('niversity of Chicago B. L. HORECKER 
Chicago T. R. HOGNEss 


Received for publication, August 22, 1939 


> Theorell, H., Biochem, Z., 288, 317 (1936). 
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SOLUBLE CYTOCHROME C OXIDASE 


Sirs: 


The inability of previous investigators to obtain cytochrome 
oxidase as a soluble preparation has led to the assumption that if 
is an insoluble enzyme. Most of the experiments on which this 
assumption is based have been made with muscle extract and 
relatively little work has been reported on yeast. 

By working with suitable strains of both brewers’ and bakers’ 
yeasts, we have succeeded in obtaining a soluble form of cyto- 
chrome oxidase which can be precipitated from solution by either 
ammonium sulfate or alcohol, and the precipitate can subse- 
quently be dissolved in either distilled water or buffer solution 
with retention of its activity. Repeated precipitation and solu- 
tion in all cases give a water-clear solution. The yeast extract 
containing the oxidase has been subjected to a centrifugal force of 
35,000 X gravity for a period of 1 hour and the supernatant solu- 
tion which is clear retains all of the activity. This enzyme is heat- 
labile and loses its activity upon being heated to 55° for 10 minutes. 
It retains its activity after a 48 hour dialysis. 

The test for the oxidase consists in measuring spectrophoto- 
metrically the rate of oxidation of reduced cytochrome C by 
dissolved oxygen in the presence of the enzyme preparation. The 
concentration of the reacting substances and the rate for a typical 
case at 25° are as follows: concentration of cytochrome C 1.3 X 
10-8 mole per ce.; concentration of enzyme preparation 3.3 y 
of protein per ec.; concentration of Oc, (air-saturated) 2.5 
mole per ec.; rate of oxidation of cytochrome C 1.5 & 10°% mole 
of reduced cytochrome per ec. per minute. 

To make certain that the catalysis of the oxidation of reduced 
cytochrome C is due to an enzyme and not to metal ions, we have 
carried out tests, using Fe*+*+, Cut*, and Mn** ions in concentra- 
tions as high as 10 per cent of that of the cytochrome C, both with 
and without protein obtained from yeast extract. These ex- 
periments have shown that contrary to common contention none 
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of these ions, either in the free state or when present with yeast 
protein, catalyzes the oxidation of cytochrome C. 

The reaction involving cytochrome C, cytochrome oxidase 
preparation, and oxygen is completely inhibited by KCN in a 
concentration of 3 & 10-4 mole per liter. It is also inhibited in 
the dark by CO. Quite unexpectedly we found that this reaction 
is also inhibited by very small concentrations of catalase, 1 y per 
ec. being sufficient for complete inhibition. 

The first step of the isolation of this enzyme is completed and 
a 5-fold purification has been effected. Work is in progress with 
a view to purifying or at least obtaining the oxidase in a concen- - 
trated form. <A few of the details of this work were reported at 
the recent symposium held at Cold Spring Harbor on biological 
oxidation. A complete report of this work will be submitted 
shortly for publication. 


Department of Chemistry A. M. Avrscnun 
University of Chicago R. ABRAMS 
Chicago T. R. HOGNEss 


Received for publication, August 22, 1939 
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CONCERNING THE SYNTHESIS OF PHTHIOCOL 


Sirs: 

The recent interest in phthiocol, aroused by the announcement 
of Almquist and Klose! that the substance possessed vitamin Kk 
activity, made it desirable to find a more convenient method of 
synthesis than those previously reported from this Laboratory.” 
We have studied the method of Madinaveitia*® in which the yellow 
methylnaphthoquinone is oxidized with caleitum hypochlorite, 
yielding a white oxide 


O 


O 


which on treatment with sulfuric acid is converted into phthiocol. 
According to Madinaveitia 15 gm. of methylnaphthoquinone 
are treated with 1500 ec. of calcium hypochlorite solution con- 
taining 11 mg. of active chlorine per liter. The concentration 
given for active chlorine evidently involves a typographical error, 
since with this concentration we have not succeeded in obtaining 
any phthiocol. However, we have obtained pure phthiocol in 
nearly 60 per cent yield by the following procedure, without 
purifying the intermediate products. 

2-Methylnaphthalene was oxidized with chromic acid according 
to Houben.' The oxidation product was filtered off and washed 


1 Almquist, H. J., and Klose, A. A., J. Am. Chem. Soc., 61, 1611, 1923 
(1939). 

? Anderson, R. J., and Newman, M.3S., J. Biol. Chem., 108, 405 (1933). 
Newman, M. 8S., Crowder, J. A., and Anderson, R. J., J. Biol. Chem., 
105, 279 (1934). | 

§ Madinaveitia, J., An. Soc. espan. fisic. y quim., 31, 750 (1933). 

*Houben, J., Die Methoden der organisechen Chemie, Leipzig, 3rd 
edition, 3, 729 (1930), 
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free of acid with water. The crude dry quinone, 30 gm., was 
ground in a mortar for 6 hours with 1500 ec. of a calcium hypo- 
chlorite solution containing 15 gm. of active chlorine. The 
product, after standing in a flask overnight, was filtered off and 
washed free of chlorine with water. The white, moist powder 
was heated on a water bath for 12 hours under a condenser, with 
mechanical stirring, in a flask containing 200 cc. of concentrated 
sulfuric acid and 600 ec. of water. The yellowish green reaction 
product was filtered off after cooling and washed free of acid 
with water. 

The substance contained certain impurities which were difficult 
to separate from the phthiocol by crystallization. The substance 
was therefore dissolved in ether, which left 0.25 gm. of insoluble 
matter. The ethereal solution was extracted with 5 per cent 
potassium hydroxide to remove phthiocol. The ethereal solution 
on concentration to dryness left 1.57 gm. of a yellow neutral 
material. 

The intensely dark red alkaline extract was acidified with hydro- 
chlorice acid and the precipitate was collected, washed with water, 
and dried in vacuo. The substance weighed 20.7 gm. Four 
recrystallizations from methyl alcohol after treatment with norit 
gave 5.0 gm. of pure phthiocol, The balance of the substance 
was recovered and purified by steam distillation in order to re- 
move a red-colored compound which was not volatile with steam. 
The phthiocol was extracted from the distillate with ether and 
crystallized from alcohol by addition of water. The total yield 
of pure phthiocol was 18.7 gm. or 57 per cent of the theoretical. 
The substance had the correct melting point, 173—-174°. 

Even traces of alkali give a reddish color to phthiocol solu- 
tions. In erystallizing phthiocol, it is best to dissolve the sub- 
stance in hot alcohol and add about an equal volume of hot water 
and a few drops of dilute hydrochloric acid until the color is pure 
yellow. Beautiful prismatic yellow crystals separate when the 
solution is cooled slowly. 


Department of Chemistry R. J. ANDERSON 
Yale University M. M. CREIGHTON 


New Haven 


Received for publication, August 22, 1939 


THE ISOLATION OF DIHYDROTHEELIN FROM HUMAN 
PREGNANCY URINE 


Sirs: 


In view of the interest of many laboratories in the excretion of 
estrogens in urine and the effect of the occurrence of dihydrotheelin 
on the determination of estrogens by bioassay, it seems wise to 
report promptly our isolation of dihydrotheelin from the urine 
of pregnant women. 

Comparison of colorimetric with bioassay!’ suggested the pres- 
ence of some estrogen in addition to theelin and theelol in the 
urine of women late in pregnancy. After inactivation by semi- 
carbazide of the theelin in the weakly acidic phenolic fractions of 
urine from both pregnant and non-pregnant women, there still 
remained estrogenic activity.” Urine, collected from women 
before and during labor, was promptly hydrolyzed and extracted. 
The extract was separated into weakly and strongly acidic phenols 
by the process described by Cohen and Marrian.* 

Starting with the weakly acidic fraction of phenols, processes 
of purification which were developed‘ in the study of the estrogens 
of ovaries were utilized to eliminate most of the contaminating 
substances. The purified estrogens were separated into fractions 
containing, respectively, theelol, theelin, and dihydrotheelin. 
The separation of theelin was effected by the use of carboxy- 
methoxylamine® and the dihydrotheelin separated from theelol 
and other contaminants by its. precipitation with digitonin.® 
The digitonide was decomposed and the dihydrotheelin further 


‘Smith, G. V., Smith, O. W., and Pineus, G., Am. J. Physiol., 121, 
98 (1938). 

*Smith, G. V., and Smith, O. W., Am. J. Obst. and Gynec., 36, 769 (1938). 

> Cohen, S. L., and Marrian, G. F., Biochem. J., 28, 1603 (1934). 

* MacCorquodale, D. W., Thayer, S. A., and Doisy, E. 8., J. Biol. Chem., 
115, 435 (1936). 

> Wintersteiner, O., in Cold Spring Harbor symposia on quantitative 
biology, Cold Spring Harbor, 6, 27 (1937). 

* Wintersteiner, O., J. Am. Chem. Soc., 69, 765 (1935). 
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purified by distribution between benzene and 0.3 M NagCQO3.’ 
Evaporation of the benzene gave almost pure dihydrotheelin. It 
was purified as the di-a-naphthoate which was identical in micro- 
scopic appearance with an authentic specimen. M. p. 196.5-197°; 
m.p. of authentic specimen 198-198.5°; mixed m.p. 197-198°. 
Analysis, found, C 82.37, H 6.13; caleulated, C 82.72, H 6.25 per 
eent. The partition ratio between benzene and 70 per cent ethy! al- 
cohol for the dihydrotheelin gave the correct value of 1:1.5 


Fearing Research Laboratory G. V. Smirx 
Free Hospital for Women O. W. Smit 
Brookline, Massachusetts 
Department of Biochemistry M. N. HurrMan 
Saint Louis University School of Medicine SIDNEY A. THAYER 
Saint Louis D. W. MacCorquoDaLe 


Epwarp A. Doisy 


Received for publication, August 24, 1939 
7 Mather, A., unpublished observations. 
’ Westerfeld, W. W., Thayer, 8S. A., MaeCorquodale, D. W., and Doisy, 


ky. A., J. Biol. Chem., 126, 181 (1938). 
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IDENTIFICATION OF VITAMIN K, (ALFALFA) 


Sirs: 


Degradation experiments which are being described elsewhere 
indicate quite clearly that vitamin Kk, is 2-methyl-3-phytyl-1 ,4- 
naphthoquinone, CgiH4O2. This compound has been synthesized 
by Claisen’s method for direct carbon alkylation from phyty! 
bromide and 1 ,4-dihydroxy-2-methylnaphthalene. Although the 
combustion analysis and the melting point of a mixture of the 
diacetate with an authentic specimen of diacetyldihydro vita- 
min Kx; indicated the identity of the diacetates, it is deemed ad- 
visable to offer more convincing evidence of the synthesis. 

Chromic acid oxidation of the synthetic diacetate has given the 
same acid, 1 ,4-diacetoxy-2-methylnaphthalene-3-acetic acid, that 
was obtained from the diacetate of the natural vitamin. Analysis, 
found, C 64.52, H 5.26; calculated for Cy7HigO¢, C 64.55, H 5.10. 
The acid from the synthetic compound melted at 209-210°; from 
the diacetate of the natural compound, 209-210°; the mixed melt- 
ing point showed no depression. The isolation of this acid from 
the oxidation products clearly indicates that the nuclear structure, 
the positions of the substituents, and the location of the ethylenic 
double bond are the same in both the natural and synthetic 
compounds. 

The bioassay of the diacetyldihydro derivatives of natural and 
synthetic vitamin k, gave identical results. The potency of each 
was 660 units per mg. 


Department of Biochemistry D. W. MacCorQuoDaLe 
Saint Louis University School of Medicine R. W. McKee 
Saint Louis S. B. BINKLEY 


L. C, CHENEY 

W. F. HoLtcoms 

SipneY A. THAYER 

Kpwarp A. Doisy 
Received for publication, August 25, 1939 
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ON THE NATURE OF THE GLUTAMIC ACID OF 
MALIGNANT TUMOR TISSUE 


Sirs: 

The purpose of the present communication is to report the pre- 
liminary results obtained in experiments initiated with the object 
of examining the statement that a considerable proportion of the 
glutamic acid obtained from hydrolysates of proteins of malignant 
tumor tissue consists of the non-natural d(—) form.' Chibnall 


Properties of the Glutamic Acid from Tumor Tissue 


Mammary 
carcinoma 
(human) 


Spontaneous breast adeno- 
carcinoma (mouse) 


Barium salt Butyl aleohol Butyl alcohol 


technique — procedure procedure 
N of isolated glutamie acid hydro- 
chloride, * % 7.64 7.65 7.61 
a, degrees | | +1.29 +0.30 +0.49 
lalp,t degrees +31.3 +9.70 +21.6 
d(—) form, % 0) 34.6 | 15.8 


Fach glutamic acid hydrochloride preparation was recrystallized five 
times from concentrated hydrochloric acid solution. 
* The theoretical nitrogen content of glutamic acid hydrochloride was 


7.62 per cent. 
+ (literature) for 1(+)-glutamie acid, +31.7°. 


and his collaborators? have completely failed to verify the findings 
of Kégl and Erxleben. However, Kégl and Erxleben,’ in reply 
to the report of Chibnall ef al., have pointed out that the English 
investigators neglected to follow precisely the procedure described 
in the original publication. In the original paper, K6égl and 
Erxleben used a butyl alcohol extraction of the hydrolysate, fol- 
lowed by the isolation of glutamic acid as the hydrochloride from 


' Kogl, F., and Erxleben, H., Z. physiol. Chem., 268, 57 (1939). 
*Chibnall, A. C., et al., Nature, 144, 71 (1939). 
*’ Kéogl, F., and Erxleben, H., Nature, 144, 111 (1939). 
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the aqueous solution containing the butyl alcohol-insoluble amino 
acids. Chibnall and his colleagues chose the more commonly 
employed barium or calcium salt procedure of Foreman.‘ Kég] 
and Erxleben have pointed out in their reply that a serious error 
may result from the application of the Foreman procedure to a 
mixture of the isomers of glutamic acid. This error results from 
the appreciable solubility of the calcium salt of d(—)-glutamic 
acid in dilute alcohol. 

The present data completely confirm the results which have 
been obtained by K6égl and Erxleben. Moreover, it has also been 
demonstrated that when a procedure is employed which is similar 
to that used by Chibnall and his collaborators, data confirming 
their results can be obtained. In other words, as Ké6gl and 
Erxleben have stated, it is apparently necessary to conduct a 
butyl alcohol extraction of the protein hydrolysate, with subse- 
quent isolation of the glutamic acid as the hydrochloride, in order 
to isolate from malignant tumor tissue a glutamic acid preparation 
which contains a significant proportion of the non-natural isomer. 
The pertinent data are presented in the accompanying table. 
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REPORT ON FOUR MEMBERS OF THE VITAMIN B 
COMPLEX SYNTHESIZED IN THE RUMEN OF 
THE SHEEP 
Sirs: 

There is a need for work of a quantitative nature on the dif- 
ferent members of the vitamin B complex which may be synthe- 
sized in the rumen of the sheep. With this in mind an experi- 
ment has been conducted in which four mature grade Dorset 
Horn ewes were fed for 30 days on a purified ration deficient in 
the B complex. The ewes were slaughtered 14 hours after the 
last feeding and the rumen and reticulum contents immediately 
preserved in the cold in 50 per cent ethyl alcohol. This material 
was dried in glass dishes at room temperature for from 48 to 72 
hours and then finely ground in preparation for biological assay. 
The mixed rumen and reticulum contents assayed were a com- 
posite sample made up of equal weights of dry material from each 
of the four sheep. The sheep ration (washed casein 5 per cent, 
washed sardine meal 6.7, glucose, ‘“‘cerelose,’’ 11.0, corn-starch 
10.6, mineral mixture 3, and dried plain beet pulp 63.7 per cent) 
was assayed at the same time. 

Methods of Assay. Thiamine—Assayed with chicks by the 
method of Jukes and Heitman (in preparation), in which the 
degree of postponement of fatal polyneuritic symptoms afforded 
by the test material is compared with that afforded by various 
levels of synthetic thiamine chloride hydrochloride (Merck and 
Company). 

Riboflavin-_A modification of the method of Jukes (J. Nutri- 
tion, 14, 223 (1937)). The growth rate of chicks receiving a basal 
diet deficient in riboflavin supplemented with the test material 
was compared with the growth rate of groups of chicks receiving 
various levels of synthetic riboflavin (Merck and Company). 

Filtrate Factor (Pantothenic Acid)-—Measured by the method of 
Jukes (J. Biol. Chem., 117, 11 (1937)), with growth and preven- 
tion or cure of dermatitis in chicks. One chick ‘‘filtrate factor 
unit” corresponds to 14 micrograms of pantothenic acid. 
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